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SHIP  PRODUCIBILITY  PROGRAM 


TASK  S-l  :  PROPULSION  PLANT  STANDARDS  FEASIBILITY 
SUB-TASK  3:  ECONOMIC  ANALYSIS 

5.0  ECONOMIC  ANALYSIS  OF  SELECTED  STANDARDS  CANDIDATES 

5.1  INTRODUCTION 

Subtask  1  of  this  report  resulted  in  a  forecast  for  U.S.  Shipbuilding 
programs  for  the  period  1974  through  1975. 

In  Subtask  2,  based  on  the  results  of  this  forecast,  the  probable  power 
plants  for  the  ships  to  be  built  during  the  period  in  question  were  classified 
and  technically  analyzed.  As  a  result  of  the  technical  analyses  and  evaluations 
of  these  power  plants,  four  groups  of  standards  were  proposed  and  several 
candidates  from  each  group  were  selected  for  further  economic  analysis. 

This  sub-task  reports  the  results  of  the  economic  analyses  performed  on 
these  selected  candidate  standards.  It  also  introduces  a  method  of 
generalization  for  estimating  advantages  applicable  to  similar  standards 
in  each  group  which  were  not  economically  analyzed.  The  savings  predicted 
by  generalization  for  each  of  the  standards  candidates  are  then  used  in 
estimating  the  overall  cost  savings  that  are  attainable  when  applied  all 
together  into  the  design  and  construction  of  a  sample  ship. 

5.2  METHODOLOGY 

5.2.1  Method  of  Analysis 

In  performing  the  economic  analyses  for  selected  standards 
candidates  in  all  groups,  the  following  approach  was  used: 
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1.  A  format  was  developed  for  each  group  of  candidate  standards 
describing  the  contents  of  the  standard  and  listing  the  standardized  para¬ 
meters. 

2.  The  “existing  approach”  —  that  is,  the  method  of  production 
that  is  currently  being  used  in  U.S.  Shipyards  for  completing  the  work 
necessary  to  produce  the  hardware  and/or  the  services  covered  by  the  subject 
candidates  -  was  defined  clearly  since  this  establishes  the  basis  of 
comparison. 

3.  General  assumptions  that  had  to  be  made  for  all  economic 
analyses  were  established.  These  assumptions  are  listed  in  5. 2. 2. 2. 

Specific  assumptions  applicable  only  to  the  candidate  being  analyzed  were 
listed  in  the  beginning  of  the  economic  analysis  for  that  candidate. 

4.  Based  on  the  general  assumptions,  the  “standards  approach”  — 
that  is,  the  method  of  production  which  would  be  used  in  U.S.  Shipyards 

if  the  “standard”  in  question  were  implemented  -  was  also  defined. 

5.  Cost  items  for  each  approach  were  subdivided  to  the  level  of 
detail  required  for  significant  cost  resolution.  Analyses  were  performed 
for  each  cost  item  to  determine  the  direct  labor  and  material  cost  re¬ 
quired  to  perform  the  work  described  in  the  subject  cost  item. 

6  In  breaking  down  the  cost  items,  for  purposes  of  providing 
simplicity,  costs  which  are  the  same  for  both  the  existing  and  standards 
approaches  were  identified  but  not  quantitatively  analyzed. 
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7.  In  addressing  all  the  cost  items  shown  on  Table  5.1 
which  was  suggested  for  use  by  Bath  Iron  Works  Corporation,  it  was  found 
that  many  of  the  items  had  inconsequential  influence  upon  the  total  value 
and  that  the  differences  in  these  items  between  the  “standards  approach” 
and  the  “existing  approach”  were  negligible.  Therefore  those  cost  items 
marked  (X)  were  included  in  the  analysis  only  when  found  to  be  sufficient 
to  affect  the  outcome. 

8.  Total  comparative  direct  labor  man-hours  and  material 
costs  required  for  the  candidate  in  question  were  determined  for  each 
approach. 

9.  By  deducting  the  totals  for  the  Standards  approach  from 
the  totals  for  the  existing  approach,  savings  in  terms  of  direct  labor 
man-hours  and  material  costs  were  obtained  for  the  candidate  in  question. 
These  savings  indicate  the  advantages  which  are  available  through  the 
use  of  standards  for  that  candidate  only.  The  savings  are  estimated  in 
terms  of  total  cost  reduction  in  dollars. 

10.  A  method  for  generalization  of  economic  analyses  was 
developed,  which  is  described  in  5.2.3. 
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Economic  Analysis  ol  Method  Alternatives 


Cost  Variance 

1.  Material  Dizect 

Back-up 

Data  Ref. 

Present 

Method 

Proposed 

Method 

2  .Material  Indirect 

3.  Subcontract  Cost  (0 

4.  Direct  Labor  &  Fringes 

5.  Indirect  Labor  &  Fringes 

6.  Engineering  Labor  & 

Fringes 

7.  Supervision,  Clerical  & 

Fringes 

8.  Supplies 

9.  Set-up 

10.  Scrap/Salvage  09 

11.  Warranty  <3*  I 

12 .  Inventory  I 

3.  0  t  h  e  r 

14.  Overtime  &  Shift  premium  (X 

15.  Maintenance  &  Repairs 

16.  Taxes  &  Insurance  j 

17.  Utilities  (^) 

18.  Floor  Space  (x) 

*19.  Depreciation 

20.  Subtotal 

I 

I 

21.  Less  Project  Expense  (*) 

22 .  Total 

*  For  capital  investments  only;  describe  schedule  used. 

TABLE  5  -  ) 

(Salterns  which  have  negligible  influence  on  the  net  savings  for  thecost  analyses 
in  question. 


11.  Using  the  “generalization  method”  the  economic  advantages 
obtained  for  those  candidates  on  which  analyses  were  performed  were 

extrapolated  to  predict  the  advantages  obtainable  for  other  candidates 
in  each  group. 

12.  The  results  of  analyses  were  tabulated  in  the  form  of  a 
matrix  listing  overall  savings  for  all  candidates  in  each  group. 

13.  Using  the  above-mentioned  matrix,  the  savings  in  terms 
of  overall  cost  reduction  in  dollars  were  synthesized  for  a  ship  to  be. 
fitted  with  a  26,000  SHP  geared  Steam  Turbine  Propulsion  plant,  as  well 
as  for  a  ship  with  14,000  SHP  diesel  propulsion  plant. 

14.  Based  on  the  overall  cost  reduction  in  dollars  for  the 
ship  in  question,  the  probable  savings  in  dollars  were  estimated  for  other 
ship  types  in  the  forecast.  For  this  purpose,  the  percentage  savings  based 
on  the  total  acquisition  cost  was  assumed  constant  for  all  propulsion 
plants  as  discussed  in  5.2.5. 

15.  Using  the  estimated  savings  for  each  type  and  size  of  ship, 
the  overall  savings  available  to  the  industry  through  implementation  of 
standards,  as  delineated  in  Sub-task  2,  for  each  year  of  the  forecast  period, 

as  well  as  for  the  complete  forecast  period  (for  the  total  number  of  ships 
to  be  constructed  within  the  period)  were  predicted. 

16.  It  was  recognized  that  there  could  be  other  advantages 
due  to  the  adoption  of  Standards,  such  as  elimination  of  delays  in  ship¬ 
yard  approval  of  drawings  and  reductions  in  delivery  periods  of  standard¬ 
ized  equipment.  These  advantages  are  considered  to  be  within  the  scope 
of  latent  cost  savings.  For  a  discussion  of  latent  costs  refer  to 
5.2.2.3.h. 
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5.2.2  Basic  Guidelines 


For  the  purposes-of  this  sub-task,  the  definitions  of  the  terms 
used,  the  general  assumptions  made  and  the  criteria  followed  were  established. 
5. 2. 2.1  Definitions 

The  terms  as  used  throughout  this  analysis  are  defined 


as  follows: 


Overhead 


Direct 

Material 


Fixed  costs  including  building  depreciation,  maintenance, 
taxes,  insurance,  management  salaries,  utilities,  etc. 

That  which  becomes  incorporated  in  the  final  product,  including 
trim  waste. 


indirect 

Material 


Di  rect 
Labor 


That  used  to  facilitate  construction  but  does  not  become 
a  permanent  part  of  the  final  product,  i.e.  fixtures,  tools, 
temporary  guides,  and  shims,  etc. 

That  expended  on  changing  the  condition  of  and  adding  value 
to  direct  material. 


Indirect  That  expended  to  facilitate  producing  the  final  ‘product 

'_a'30r  but  does  not  add  value  to  the  direct  material,  i.e. 

set-up,  crane  operation,  and  other  material  handling,  etc. 


Net  Wage 
Reduction 


Percent 
Savings 
in  Wages 


Amount  of  net  savings  in  wages  only,  in  1  974  dollars,  which 
can  be  expected  if  the  Standard  approach  is  used. 

“Net  wage  reduction"  expressed  as  a  percentage  of  total  wages 
for  the  specific  standard. 


Net  Material  Amount  of  net  savings  in  material  costs  only,  again  in  1974 
cost 

Reduction 


dollars,  which  can  be  expected  if  the  standard  approach  is  used. 


Percent 
Savings  in 
Material 
Costs 


"Net  Material  Cost  Reduction”  expressed  as  a  percentage  of 
total  material  cost  for  the  specific  standard. 


Percent  The  sum  of  "Net  Wage  Reduction"  and  "Net  Material  Cost  Reduction” 

Total^Costs  exPressed  as  a  percentage  of  the  total  cost  for  the  specific 


standard. 
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5.  2. .2. 2.  General  Assumptions 


The  basic  assumptions  made  to  facilitate  the  economic  analyses, 
and  generally  applicable  to  all  candidates,  are  the  following: 

a.  For  labor  and  material  costs,  constant  1974  dollars  are  used. 
No  costs  are  inflated  past  July  1974. 

b.  All  direct  yard  labor  man-hours  are  valued  at  $4.8o  plus  25% 
for  fringe  benefits  which  adds  up  to  a  total  of  $6.oo  per  hour. 
The  25%  fringe  benefit  allowance  is  made  up  as  follows: 


Vacation:  4.99% 

Holidays:  3.28% 

Hospital  ization,. -Health  &  8.5% 

Life  Insurance: 

Pension:  6.9% 

Shift  Bonus:  1.02% 

Death  Days:  . 47% 

Total  25.10% 


use:  25% 

These  figures  are  based  on  published  data  on  fringe  benefits 
paid  by  25  yards. 

c.  All  indirect  yard  labor  hours  will  also  be  valued  at  $6.oo 

per  hour  including  fringe  benefits. 

d.  All  engineering  and  management  services  will  be  valued  at  $9.00 
per  hour  including  fringe  benefits. 
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5. 2. 2. 3  Criteria 


The  following  criteria,  applicable  to  all  standards  candidates, 
were  established  for  use  and  guidance  in  performing  the  economic  analyses 

a.  Analyses  were  limited  to  items  associated  with  the  main 
propulsion  plant  and  its  ancillary  equipment. 

b.  Analyses  were  performed  in  such  a  manner  that  they  will  be 
universal  and  not  dependent  upon  costs,  from  a  specific  yard, 
owner,  designer  or  vendor. 

c.  Estimates  for  di  rect  labor  man-hours  and  schedule  tiines  used 
in  the  analysis  is  were  based  on  any  one  of  the  following  source 
data: 

i.  Historical  Data:  This  often  is  the  only  data  existing,  but 
it  is  the  most  difficult  source  to  use  for  comparison  of 
method  changes. 

ii.  Work  Sampling:  These  data  are  established  by  calculating 
the  Standard  deviation  and  determining  the  level  of 
confidence.  When  these  data  are  available,  judgment 
should  be  used  in  selecting  the  statistical  accuracy 
desired. 

III.  Engineered  Time.  Data:  Standard  time  data  applicable  to 
shipbuilding,  when  available,  are  an  acceptable  source  in 
cases  where  new  methods  are  to  be  compared. 
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The  sources  for  all  data  used  in  the  analyses  were  identified  as  to  which 
of  the  above  three  types  they  are.  Any  sources  which  are  confidential, 
or  of  a  proprietary  nature,  were  identified  in  general  terms  only:  e.g. 

"shipyard  source.  |f  for  at1y  cost  items  none  of  the  above  sources  were 
available,  then  costs  were  estimated  using  in-house  pool  of  experience. 

d.  Only  those  savings  which  are  real  and  which  can  reasonably 
be  achieved  by  appropriate  management  action  were 
considered.  Inflating  the  savings  .by  using  unrealistic  . 
or  unsupportable  claims  was  avoided. 

e.  Overtime  premium  was  not  included  in  the  cost  analyses. 

f.  Overhead,  as  will  be  remembered  from  its  definition  in  5. 2. 2.1, 
normally  incorporates  such,  items  as  property  taxes,  depreciation, 
insurance  and  other  items  which  are  not  altered  by  incremental 
changes  in  the  man-hour  expenditures.  Overhead  savings, 
therefore,  were  not  claimed  in  cost  comparisons. 

g.  The  cost  items  were  arranged  to  exhibit  expenditures,  and 
therefore  cost  savings  when  subjected  to  a  comparison,  at 
one  point  in  time;  as  such,  they  did  not  adequately  reflect 
the  on-going  impact  of  project  expenses.  For  this  reason, 
cost  items  were  identified  as  recurring  or  non-recurring 
costs. 
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h.  Latent  savings  are  the  second  or  third  generation  savings 
or  earnings  which  are  secondary  results  of  a  method  or 
system  change.  They  do  not  include  the  contribution  of  the 
original  method  or  system  change.  They  do  include,  however, 
the  savings  from  putting  a  “freed  resource”  to  a  new  use. 
Areas  of  prime  concern  for  latent  impact  studies  include 
those  where  a  freed  resource  is  made  available  either  by 
a  method  change  or  by  increased  through-put.  Latent  savings 
were  not  included  in  the  quantitative  analysis  since  they 
would  depend  largely  on  the  facilities  available  in  a 
specific  shipyard  and  as  such  would  constitute  a  deviation 
from  the  objective  of  this  study.  Nevertheless,  latent 
savings  will  exist,  and  they  are  a  distinct  advantage  of 
the  standards  alternative. 

5.2.3  Method  of  Generalization 

In  order  to  predict  the  labor  and  material  savings  for 
potential  Standards  on  which  economic  analyses  were  not  performed,  a  method 
for  generalization  of  results  obtained  from  the  analyses  performed  on 
selected  candidates  was  devised. 

A  brief  description  of  the  method  and  a  sample  application 
are  given  below.  Individual  generalizations  for  all  standards  are  to  be 
found  at  the  end  of  analyses  for  each  group. 
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5.2.3. 1.  Approach 


a.  Identify  each  standard  with  the  most  nearly  similar  standard 
for  which  an  econcmic  analysis  was  performed. 

b.  Assign  a  “size  rating"  in  percentage  to  each  standard  as 
compared  to  the  similar  standard.  . 

c.  Assign  a  “complexity  rating”  to  each  candidate  in  the  same  manner. 

d.  For  the  selected  “similar"  standard  estimate  the  contributions 
of  its  size  and  complexity  to  the  overall  savings. 

e.  Multiply  size  rating  from  (b)  by  size  contribution  from  (d)  to 
get  estimated  %  reduction  in  costs  for  the  subject  standard 
based  on  size  comparison  with  the  similar  standard. 

f.  In  the  same  manner,  calculate  estimated  (%)  cost  reduction 
based  on  complexity  comparison. 

g. '  Add  the  two  estimated  %  cost  reductions  to  get  the  overall  %  cost 

reduction  attainable  for  the  subject  standard. 

h.  Multiply  percentage  obtained  in  (g)  by  the  calculated  total 
savings  for  the  similar  standard  to  get  the  estimated  total 
savings  for  the  subject  standard. 

5. 2. 3. 2  Sample  Generalization 

a.  Candidate  for  Generalization:  Main  Condenser 
Similar  Candidate:  Main  Boiler 

b.  For  the  Main  Boiler:  (From  5. 6. 2. 4) 

Total  Savings  =  s18,570  (for  Hardware  Standards) 
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Size  Contribution  for  Boiler:  Estimated  40%  of  total 


Complexity  Contr-bution  for 

Boiler:  Assume  60% 

of  total 

c. 

For  the  Main  Condenser: 

Estimate  Size  Rating:  30% 

As  compared  to  Main 

Boiler 

Complexity  Rating:  60% 

d. 

Calculate  Related  Savings: 

Estimated 

Contribution 

%  for  Candidate  Std 

%  Similar  Std 

%  Savings 

si  ze 

.30 

.40 

.12 

Compl  exity 

.60 

.60 

.36 

Total  .48 

Total  Savings  for  Condenser:  .48  x  18,570  =  $  8,9oo 


5. 2. 3. 3  Results  of  Generalization 

The  above  process  was  repeated  for  all  the  Candidates  in 
Groups  11,  III  and  IV,  and  the  predicted  total  savings  for  Candidates 
in  each  group  were  listed  at  the  end  of  economic  analysis  for  that  group. 
(Refer  to5„4.3,  5.5.3  and  5.6.3). 

Table  5-2  is  a  compilation  of  the  data  in  above-mentioned  sections 
as  applicable  to  the  propulsion  Machinery  Components  of  a  26,000  SHP 
Steam  Turbine  plant  which  may  be  installed  on  an  80,000  DWT  Oil  Tanker. 
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5.2.4  Synthesizing  Savings  from  Individual  Standards  into 

Overall  Savings  on  the  Total  Construction  Cost  of  a 

"PARENT”  Ship 

f 

After  estimating  the  total  cost  savings  for  all  standards  in 
all  groups,  following  the  "method  of  generalization”  described  in  5.2.3, 
a  method  of  incorporating  these  individual  savings  into  the  total 
construction  cost  of  a  sample  ship  was  developed.  The  standard  formats 
developed  for  a  steam  turbine  and  a  medium-speed  diesel  propulsion  plant 
(Group  I  -  total  propulsion  plant  standards)  were  used  as  a  basic 
reference. 

As  a  “parent”  ship  for  the  steam  turbine  propulsion  plant 
analysis,  one  that  would  use  the24-26,000  SHP  plant  was  selected.  Referring 
to  Table  O  of  the  standard  format,  enclosed  in  Appendix  C.I.I., 
the  number  of  standards  and  the  “group"  each  standard  belongs  to  were 
selected  as  shown  in  Table  5.3,  which  is  a  filled-out  copy  of  the  above- 
mentioned  Table  D. 

For  the  diesel  propulsion  plant  analysis,  a  ship  that  would 
use  the  14,000  SHP  medium  speed  diesel  installation  was  selected  as  the 
parent  ship.  Table  A  of  the  standard  total  diesel  plant  format  in  Append 
C.1.2  is  filled  out  for  the  parent  ship  by  assuming  the  use  of  specific 
groups  and  types  of  standards.  Table  5-4  is  the  result  of  these  assumptions 


M.  ROSENBLATT  &  SON,  INC _ 

LIST  I  NG  OF  PROPULS  ION  PLANT  COMPONENTS 
FOR  A  PERENT  SHIP 
WITH  26,  000  SHP  STEAM  PLANT 


Equipment/Component 

Quantity 

Standard 

Group 

Remarks. 

Main  Steam  Boiler 

2 

1 1 1 

Main  Turbine  (Set) 

1 

Iv 

Hardware  Std. 

Main  Condenser 

1 

Iv 

Hardware  Std. 

Reduction  Gear  (Set) 

1 

Non-Std. 

Main  Lube  Oil  Pump 

2 

Iv 

Hardware  Std. 

Forced  Draft  Fan 

2 

lv 

.Hardware  Std. 

Main  Feed  Pump 

1 

II 

Ma-in  Feed  Pump  Module 

Fuel  Oil  Service  Pump 

1 

II 

Fuel  Oil  Service  Sys. 
Module  . 

Main  Circulating  Pump 

2 

111 

Main  Condensate  Pump 

2 

Iv 

Hardware  Std. 

Fuel  Oil  Heater 

1 

II 

F.O.  Service  Sys. Module 

Lube  Oil  Cooler 

2 

Iv 

Hardware  Std. 

First-Stage  Feed  Heater 

1 

II 

First  Stg.  Fd.  Htr. 
Module 

Gland  Exhauster 

II 

First  Stg.  Fd.  Htr. 
Module 

Drain  Cooler 

II 

First  Stg.  Fd.  Htr. 
Module 

De-aerating  Feed  Heater 

1 

III 

3rd  Stage  Heater 

i 

i 

• 

N.A. 

4th  Stage  Heater 

i 

i 

i 

i 

N.A. 

Automation  System 

1  ! 

! 

! 

Non-Std . 

TABLE  5  -  3 
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For  each  of  the  standards  used  in  the  “parent”  ship’s 
propulsion  plant,  the  predicted  total  unit  savings  in  dollars  were  obtained 
from  5.4.3,  5.5.3,  and  5.6.3,  and  listed  in  Tables  5  -  5  and  5  -  6.  Multi¬ 
plying  the  unit  savings  by  the  number  of  units  of  each  standard  to  be  in¬ 
stalled  on  the  ship,  the  total  amount  of  savings  attainable  by  using  each 
standard  was  obtained.  A  summation  of  these  savings  resulted  in  the  composite 
savings  possible  for  the  parent  ships  if  the  Group  II,  III  and  IV  Standards, 
as  indicated  in  Tables  5  -  3  and  5  -  4,  are  used.  Referring  to  Table  5  -  5, 
the  “composite”  savings  mentions  above  is  $176,494  for  the  parent  steam  pro¬ 
pelled  ship.  For  the  parent  Diesel  propelled  ship,  the  savings  is  $182,402 
as  read  from  Table  5  -  6.  The  savings  possible  due  to  implementation  and 
use  of  Group  I  total  plant  Standards  is  additional  to  these  amounts.  These 
are  as  estimated  in  5. ,3.2.3  and  5. 3. 3. 3,  for  ships  of  the  size  and  power  ranges 
similar  to  the  parent  ships,  savings  are  $87,84o  on  total  shipbuilding  costs 
for  the  steam  plants,  and  $56,340  for  the  diesel  plants. 

Therefore,  the  overall  savings  attainable  through  the  use  of 
Groups  II,  III  and  IV  Standards  ,  for  the  parent  ships  become: 

$176,494  +87,840=  $264,334  for  a  steam  plant  of  26,000  shp 

and 

$182,402  +56,340=  s238,742  for  a  diesel  plant  of-14,000  SHP. 
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5.2.5  Prediction  of  Savings  for  Other  Ships  in  the  Forecast 

In  order  to  predict  the  probable  savings  (due  to  use  of 
propulsion  plant  stahdards)  in  the  construction  cost  of  any  ship 
without  going  through  an  extensive  analysis  of  all  the  propulsion 
plant  standards  used  on  the  vessel,  the  relative  acquisition  costs 
of  the  propulsion  plants  were  utilized  as  a  basis  for  comparison; 
and  it  was  assumed  that  the  savings  attainable  will  be  directly 
related  to  the  acquisition  cost  for  all  plants  of  the  same  working 
medium.  In  other  words,  it  is  estimated  that  all  steam  turbine  plants 
will  yield  a  constant  percentage  of  the  total  acquisition  costs  as 
savings  due  to  standardization.  Similarly  all  diesel  plants  will 
yield  a  savings  which  is  a  constant  percentage  of  its  total  acquisition 
cost. 

The  percentage  savings  for  steam  and  diesel  plants  were 
estimated  using  the  previously  estimated  total  savings  for  the 
respective  sample  plants  (See  5.7).  It  is  recognized  that  in  order 
to  obtain  truly  meaningful  comparisons,  the  respective  ships  should 
be  considered  in  much  more  extensive  detail,  including  such  charac¬ 
teristics  as  the  propulsion  shafting  and  propellers,  non-propulsion 
machinery,  deck  machinery  and  other  shipboard  installations.  However 
when  all  of  these  are  considered,  unless  a  specific  ship  design  is  at 
hand,  the  results  obtained  will  not,  in  any  sense,  be  exact.  For 
purposes  of  this  feasibility  study,  the  specific  ship  designs  are 
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naturally  not  available.  .  Yet  the  need  foresee-the  effects  (benefits 
or  penalties)  the  proposed  standardization  might  have  upon  shipbuilding 

J 

costs  is  a  prerequisite  of  the  program.  Therefore,  in  order  to 
predict  not  the  exact  magnitudes  of  the  savings  but  the  general  trend  for 
various  applications,  the  following  method  of  comparison  is  adopted: 

Given  the  constant  percentage  savings,  the  approximate 
overall  savings  for  any  propulsion  plant  can  be  calculated  . 
by  estimating  the  total  acquisition  cost  of  the  plant  and 
multiplying  this  cost  by  the  percentage  savings. 

Examp  I  e 

For  the  "parent’  ship  with  26,000  SHP,  2  Boilers, 

2  Stage  feed  heating,  the  percentage  savings  is: 

3.82%  (from  5.7.1). 

For  a  sample  ship  with  30,000  SHP,  2  Boilers  and 
2  Stage  feed  heating,  the  total  acquisition  cost 
is  estimated  by  the  formula: 

A=  42855.7  (SHP)0”5 
and  found  to  be  A  =  $7,42  x  10° 

Therefore  the  savings  is: 

s=  .0382  ,7.42  ,1  06  =  $283,000 

Refer  to  Section  5.7.2  and  Table  5-27  for  estimation  of 
savings  for  all  other  steam  plants.  Diesel  plant  savings  are 
summarized  in  Section  5.7.2 


5-21 


5.3  ANALYSIS  OF  TOTAL  PLANT  STANDARDS  -  GROUP  I 


5.3.1  General 

5. 3. 1.1  Brief  Description  of  Group  1  Standards 
The  proposed  total  plant  standards  were  described  as  to  contents 
and  extent  in  the  standard  formats  developed  in  the  course  of  Sub-task  2 
efforts.  More  detailed  copies  of  these  formats  are  included  in  Appendix-C. 

As  established  in  Sub-task  2,  Paragraph  4. 5. 4.1,  the  total 
plant  standard  is  considered  a  “top  level  reference  document  which  can  be 
utilized  in  defining  and  designing  the  total  propulsion  plant”,  and  it 
contains  the  performance  parameters  and  operating  characteristics  on  which 
the  design  of  major  systems  for  the  total  plant  is  based. 

5.1.2  Candidates  Selected  for  Economic  Analysis 
The  results  of  the  forecast  showed  that  within  the  forecast 
period,  239  ships  with  geared  steam  turbine  propulsion  plants  would  be 
contracted  for.  Ships  with  gas  turbine  propulsion  plants  were  next  with 
a  number  to  be  contracted  of  119,  and  medium-speed  diesel  propelled  ships 
followed  with  a  predicted  number  of  90. 

It  appears  reasonable  and  logical  that  economic  analyses  should 
be  performed  for  each  of  these  three  propulsion  plants.  However,  as 
discussed  in  Sub-task  2,  paragraph  4.6.3,  gas  turbine  propulsion  plants 
have  been  essentially  standardized  at  the  total  package  level  by  the 
manufacturers  in  such  a  manner  that  there  would  be  little  iff  any  difference 
between  the  existing  approach  and  the  standards  approach.  |  it  was  therefore 
deemed  premature  to  attempt  an  economic  analysis  of  the  gas  turbine  propulsion 
plant. 
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The  following  two  total  plants  were  selected  for  quantitative 

analysis: 

1.  For  Steam  Plants:  a  26,000  SHP  Two  Boiler  two-stage  feed 
heating  cycle  geared  steam  turbine  instailation. 

2.  For  diesel  plants:  a  14,000  SHP  medium-speed,  geared 
diesel  installation. 

5. 3. 1.3  Limitations  of  Analyses 

In  performing  the  economic  analyses,  the  basic  guidelines” 
established  in  5.2.2  were  followed.  As  will  be  recalled,  these  guidelines 
consisted  of  certain  assumptions  and  criteria.  The  accuracy  of  the  analyses 
naturally  depends  largely  on  the  validity  of  these  guidelines.  Additionally, 
the  specific  assumptions  made  in  connection  with  each  analysis  and  the  actual 
numerical  data  used  in  estimating  costs  for  cost  items  involved  limit  the 
accuracy  of  the  results  obtained.  It  can  be  concluded,  therefore,  that 
the  precise  amount  of  savings  estimated  -  in  terms  of  numerical  evaluations  - 
may  be  subject  to  some  uncertainty.  However,  the  comparative  evaluations 
are  useful  and  it  can  be  deduced  with  confidence  that  if  the  standards  in 
question  are  implemented,  there  will  be  a  definite  trend  toward  savings, 
and  that  it  is  feasible  to  initiate  a  program  toward  implementation  of  total 
plant  standards. 

5.3.2  26,oo0  SHP  Steam  Propulsion  Plant  Analysis 

In  the  following  pages  analysis  of  the  steam  propulsion  plant 
is  presented.  The  selected  standard’s  SHP  range  is  26,000.  Group  I  format 
of  Appendix  C.I.I  describes  the  possible  contents  of  a  total  plant 
standard  for  this  horsepower  range  as  well  as  all  other  ratings. 
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The  anal  yses,  as  described  in  greater  detail  in  5. 3. 2.1  and 
5. 3. 2. 2,  are  based  on  the  assumption  that  a  complete  standard  had  been 
developed  and  implemented  for  use  by  shipyards,  design  agents,  manufacturers, 
and  owners,  and  that  it  contains,  as  a  minimum,  the  extent  of  information 
outlined  in  the  format. 
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5. 3. 2.1  Definition  of  Existing  Approach 

The  economic  analyses  are  based  on  a  comparison  of  the 
existing  method  of  production  in  the  U.S.  Shipbuilding  Industry  for 
the  design  of  a  total  propulsion  plant  with  the  method  of  production 
that  would  be  used  if  the  proposed  total  plant  standards  were 
implemented  and  made  available  to  the  shipyards  and  ship  designers. 

The  present  method,  or  the  “existing  approach”  is  defined 
as  follows.: 

a.  The  design  of  the  propulsion  plant  is  not  available. 

b.  Starting  with  the  owner’s  requirements,  a  complete 
preliminary  design  is  developed  following  normal 

procedures. 

c.  Contract  and  detail  designs  are  developed  after 
finalizing  the  preliminary  design  parameters. 

.The  breakdown  of  cost  items  for  the  existing  approach  will 
be  as  listed  on  the  analysis  formats  in  5. 3. 2. 3  and  5. 3. 3. 3,  for 
steam  and  diesel  propulsion  plants  respectively* 

5. 3. 2. 2  Definition  of  Standards  Approach 

With  the  standards  approach,  the  following  specific 
assumptions  apply: 

a.  A  formal  “Total  Plant  Standard”  for  the  SHP  and  type 
of  propulsion  plant  in  question  is  available  to  the 
shipyard  and  the  ship  designer; 

b.  This  standard  document  contains  all  the  information, 
listed  in  the  standard  format  of  Appendix  C.I.l; 
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c.  For  the  shaft  horsepower  range  in  question,  the 
standard  heat  balances  contained  .in  the  formal 
document  will  be  useable  with  little  or  no 
modifications  for  all  possible  ship  types  and 
variations. 

The  breakdown  of  cost  items  for  the  standards  approach 
is  as  shown  below.  (This  breakdown  was  the  basis  for  the  analysis  i 
forms  used  in  5. 3. 2. 3.) 

a.  For  Contract  Design: 

1.  Study  owner’s  requirements  and  decide  on  the  type 
of  power  plant  and  drive  system  for  the  SHP  range. 
Select  a  standard  power  plant  from  the  available 
total  plant  standards  which  most  nearly  fulfills 

the  requirements.  Review  the  standard  heat  balances 
and  generator  sizing. 

2.  Review  and  finalize  the  standard  pump  and  heat 
exchanger  sizing  calculations. 

3.  Review  and  finalize  the  standard  electrical  load 
analysis. 

4.  Review  Standard  schematic  engine  room  arrangements 
and  add  ship-plant  interface. 

5.  Review  and  finalize  standard  piping  systems  schematics. 

6.  Develop  engine  room  arrangements. 
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7.  Review  and  finalize  standard  piping  diagrammatic 
arrangements. 

8.  Review  standard  line  shaft  and  bearing  arrangements 
and  add  interface  with  the  ship. 

9.  Develop  set  of  secondary  contract  drawings. 

10.  Amplify  standard  and  compile  information  developed 
into  a  contract  specifications. 

11.  Finalize  conditional  ABS  and  USCG  approvals, 
b.  For  Detail  Design: 

1.  Prepare  equipment  and  material  specifications. 

2.  Perform  bidding  and  procurement  operations. 

3.  Produce  final  heat  balance  diagram. 

4.  Produce  final  electrical  load  analysis. 

5.  Finalize  shafting  &  bearings  calculations. 

6.  Perform  piping  system  stress  analysis 

7.  Finalize  piping  system  diagrammatic  arrangement 
drawings. 

8.  Develop  complete  set  of  detail  working  drawings. 

9.  Complete  detail  specifications  for  propulsion 
machinery. 

10.  Prepare  test  &  trial  memoranda 

11.  Obtain  ABS,  USCG  and  Owner’s  approvals. 


\ 
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5. 3. 2. 3  Cost  Analyses 


Based  on  the  breakdown  of  cost  items  for  the  .existing  and 
standards  approaches  for  the  26,ooo  SHP  steam  turbine  propulsion 
plant,  the  cost  analyses  were  performed  on  analysis  forms  included  in 
following  pages. 

The  costs  were  estimated  separately  for  the  contract  design 
and  detail  design  phases.  The  source  for  labor  manhours  entered  for. 
the  existing  method  is  MR&S  data  compiled  from  previous  experience. 

For  the  standards  approach,  the  labor  expenditures  are  estimated  values. 

The  results  can  be  summarized  as  follows: 


Design  Phase 

Savings  in 
Labor  Manhours 

Savings 

In  $ 

Schedule 

Time  Savings 
Months 

Contract  Design 

6740 

$60,660 

4 

Detail  Design 

3020 

27,180 

3 

Total  Savings 

9760 

87,840 

7 

Therefore  a  total  savings  of  9760  manhours  is  possible  in  labor 
expenditures  and  this  may  correspond  to  a  scheduling  time  savings  of  up 
to  seven  months.  The  dollar  value  of  the  savings,  based  on  the 
$9/manhour  rate,  is  $87,84o.  As  will  be  recalled  from  5. 2. 2. 2,  the 
rate  used  here  contains  the  fringe  benefits  but  has  not  allowance  for 
overhead.  It  follows  that,  depending  on  the  overhead  rate,  the  actual 
savings  will  probably  be  considerably  greater  than  the  $87,84o 
estimated. 


5-28 


- 

• 

• 

Ca-f  o.^,  w  r*  T  ( 

W  ^  o  o  *b-»  ,  w 

4»  "■■>  w  -t 

i.x  ^3.2.3  • 

i 

COST  1  TE.M.S  '  ! 

KIO. 

r 

DESC131IPT  i  ONJ  ?! 

*j 

it 

ti 

!! 

l; 

1 

2 

jl 

P Scum  .  H^ezwt  i 

i 

Pump  &  4»»*-r  .kc-jc;  -  ! 

'  i 

3 

Pft£Lio .  £iJ5CT.  ^-»=4-o-  J**4kl.  .  j 

4- 

?uiu  wv) .  E. .  R  .  ^rzstl  T  .  J 

5 

P&wu-o  Rpmj  t,  SctUi-MA-ri  c  s  ! 

C 

c  „  _  „  i 

kI  i<r •  Roo/wi 

Ac-rc~T24>-**5  j 

7 

PlPiw  ft»  ! 

tU£>-Cv  K.  t*  /vf  I  C.  •‘WZ-.'S'VT  S>  | 

II 

3 

l-ifJCSHAFT  4  TL.C-  ^‘Z.i^e^S  j 
Dl^<a.  Aur/lrkT.  \  CAA.C.S  .  i 

^7  °P 
Cont^^T 


i  3 


;  6 


D»t-  74- 


jl 

r  ^  -p  a — “T"  ^  fe.r-/  «r  I ! 

4  oSCGi  A? 

rtov-i-J 

- - -  - - 

1 

l 

1 

1 

i 

i 

i 

i 

i 

ui  .U3 

^  <4. 


4-o 

&o 

4-0 

So 


So© 


4o 


So 


i  Coo 


*& 
1.0 
'"TIj 


1.5 


f  C>  TA  L. 


(u,i-  ^TUi.  .A.f'J'K..)  22,14-0  Z.z, 


I  SJ  Ct 


<oQ  6Go 


2 4^0  22  14-0  Z.^ 


~Tz±FM  C  ^.7 


1 2.00P  T"  —  i—  ^ 


Su-f* 


C  o  sT  ITEMS 


5L 


:X  ISTIM  6 
APPROACH 


*02:  flS  IS 
ISx  ?0t9.  S  l 


AW  PA&O.S 
APPROACH 


£pec.S.  EepotP.  £  Mat  A 

•  IS00 
i  ' 

BiddiW  ^  ^  P^odunK-foENT 

600 

Finals  l-fe^-T  ?a.um(.iT 

3«o 

i~ikja»-l  ELjEt;.  Lqao 

'S.IWwFTifJ  A  Cu.e.Si  - 

5  00 

PiPik  a  ^Treses  Aa iA.j_  . 

i&ido 

P/PlNA  Dia<,  .  Arf^ltl&TS  . 

3©o 

bSTAJL.  rcK’ifJ A 

tO,0eo 

"T AJ  Lw  • 

1,000 

Ts'-t  ^  TT2JA1-  (Tjernor 

Goo 

A-PP£.<=V/,a-< _ 5 

M^i$-2650.c 
Dec  -  74. 


Totals  16.9®®  L52,*°°  |£  l3,Sdo  13 

0-**s  5tds.  apfr..)  12.+,  12.®  13  _ 

_ _ _—L _ TA&Lg  5-  & 

Savings  27  iso  3 


S  AV  INCrS 


5-30 


Schedule 

Months 


5.3.3  14,000  SHP  Medium  Speed  Diesel  Plant  Analysis 

In  the  following  pages ;  analysis  of  the  medium  speed  diesel 
propulsion  plant  is  presented.  The  selected  candate’s  SHP  range  is 
14,000.  Group  1  format  of  Appendix  C.1.2  describes  the  contents  of  a 
typical  total  plant  standard  for  this  horsepower  range  as  well  as 
all  other  atings. 

The  analyses,  as  described  in  greater  detail  in  5. 3. 3,1  and 
5. 3.3. 2,  are  based  on  the  assumption  that  a  complete  standard  had  been 
developed  and  implemented  for  use  by  shipyards,  design  agents,  manu¬ 
facturers  and  owners,  and  that  if  contains,  as  a  minimum,  the  extent  of 
information  outlined  in  the — format. 
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5.3.3-.1  Definition  of  Existing  Approach 


The  present^  or  the  “existing”  approach,  in  connection  with 
diese  1  propulsion  plants,  is  defined  in  the  same  manner  as  with  the 
steam  propulsion  plant: 

a.  A  design  for  the  plant  is  not  available. 

b.  Starting  with  the  owner’s  requirements,  a  complete 
preliminary  design  is  developed  following  normal 
procedures. 

c.  Contract  and  detail  designs  are  developed  after  . 
finalizing  the  preliminary  design  parameters. 

The  breakdown  of  cost  items  for  the  existing,  approach  will  be 
as  shown  on  the  analysis  formats  of  5 . 3 . 3 . 3  . 

5. 3. 3. 2  Definition  of  Standards  Approach 

The  following  specific  assumptions  are  applicable  for  the 
analysis  of  the  standards  approach: 

a.  A  formal  “Total  Plant  Standard”  for  the  SHP  and  type  of 

propulsion  plant  desired  is  available  to  the  shipyard 
and  the  ship  designer. 

b.  This  standard  document  contains  all  the  information  listed 
in  the  standard  format  of  Appendix  C.1.2. 

The  breakdown  of  cost  items  for  the  standards  approach  is  as 
shown  below.  (This  breakdown  was  the  basis  for  analysis  forms  used  in 

5. 3. 3. 3  ) 
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a.  For  Contract  Design: 

1.  Study  owner’s  requirements  and  decide  on  the  type 
of  power  plant  and  drive  system  for  the  SHP  range. 
Select  a  standard  power  plant  from  the  available 
total  plant  standards  which  most  nearly  fulfills 
the  requirements. 

2.  Review  and  finalize  the  auxiliary  and  support  systems 
for  the  main  propulsion  plant. 

3.  Review  and  finalize  the  standard  sizing  of  equipment 
and  materials. 

4.  Review  and  finalize  standard  piping  system  schematics. 

5.  Review  and  finalize  the  standard  electrical  load 
analysis. 

6.  Review  standard  lineshaft  and  bearing  calculations 
and  diagrammatic  arrangements,  finalize,  and  add 
interface  with  the  ship. 

7.  Review  standard  schematic  engine  room  arrangements 
and  add  ship-plant  interface. 

8.  Develop  engine  room  contract  arrangement  plans. 

9.  Develop  contract  diagrammatic  arrangements  for 
piping  systems. 

10.  Develop  set  of  secondary  contract  drawings. 

11.  Develop  contract  specifications. 

12.  Obtain  standard  ABS  and  USCG  approvals. 
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b.  For  Detai  I  Design: 


1.  Prepare  technical  and  procurement  specifications  for 
equipment  and  materials  for  the  total  propulsion  plant. 

2.  Conduct  bidding  and  procurement  operations. 

3.  Perform  final  shafting  calculations,  finalize  shafting 
and  bearings  arrangements,  obtain  torsional  vibration 
analysis  for  the  engine  and  shafting  system. 

4.  Finalize  diagrammatic  arrangement  of  propulsion  piping 
systems,  add  interface  with  ship  and  other  non-propulsion 
piping  systems. 

5.  Conduct  final  electrical  load  analysis  required  for 
electrical  one-line  diagram. 

6.  Develop  complete  set  of  working  drawings  related  to 
the  main  propulsion  systems. 

7.  Perform  stress  analysis  for  the  piping  systems. 

8.  Develop  detail  specifications  for  the  main  propulsion 
Sys  terns . 

9.  Prepare  test  and  trial  memoranda. 

10.  Obtain  USCG,  ABS,  Owner’s,  and  U.S.  Public  Health  Service 
approvals  as  required. 
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5.3.3. 3  Cost  Analysis 


The  contract  design  phase  and  the  detai  I  design 
phase  were  anal  yzed  separately. 

The  labor  manhour  expenditures  for  both  the 
existing  and  the  standards  approaches  were  estimated  by  MR&S  since 
no  engineered  time  data  or  work  sampling  data  were  available. 

A  summary  of  the  results  follows: 


Design  Phase 

Savings  in 
Manhours 

Savings 

In  $ 

Schedule  Time 
Savings  -  Months 

Contract  Design 

4200 

$37,800  . 

3.3 

Detail  Design 

2060 

18,540 

3.0 

Total.  Savings 

6260 

56,340 

6.3 

A  total  savings  of  6260  manhours  can  be  realized  in 
labor  expenditures.  This  may  correspond  to  a  scheduling  time  savings 
of  up  to  6.3  months.  The  dollar  value  of  the  savings,  based  on  the 
established  $9/Manhour  rate  (see  5. 2. 2. 2),  is  $56,340.  Since  the 
rate  used  does  not  contain  overhead  expenses,  which  depend  on  the 
actual  overhead  rate,  the  net  total  savings  will  probably  be  con-  . 
siderably  more  than  the  estimated  value  of  $56,340. 
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5.3. 4  Generalization  of  Results  for  Group  I  Standards 
5. 3. 4.1  For  Steam  Turbine  Plants 

The  results  of  economic  analysis  fora  26,000  S  H  P 
Geared  Steam  Turbine  Propulsion  plant  total  package  standard  showed 
that  the  total  savings  that  can  be  expected  is  $87,840  in  labor  cost 
and  seven  months  in  scheduling  time.  It  will  be  remembered  that  the 
steam  plant  in  question  was  a  “two  boiler  -  two  stage  feed  heating”  , 
cycle. 

In  subtask-1  report,  “Forecast  for  Propulsion  Plant 
Standards,”  it  was  predicted  that  the  ships  to  be  contracted  for 
during  the  forecast  period  would  require,  in  addition  to  the  “2  Boiler  - 
2  Heater"  cycle  plant  mentioned  above,  the  following  different  plant 
cycles: 

o  Two  boi’ler,  4  heater  cycle 

o  One  boiler,  2  heater  cycle 

0  One  boi  ler,  4  heater  cycle 

o  Reheat  cycle. 

Subjecting  each  one  of  these  cycles  to  a  comparison 
against  the  basic  cycle  of  2  boilers  and  2  heaters,  the  probable  total 
savings  can  be  estimated  by  assuming  that  the  savings  will  be  a  constant 
percentage  of  the  total  acquisition  cost  of  the  propulsion  plant. 

Table  5  -  11  Summarizes  the  results  of  calculations 
performed  in  this  manner.  The  total  acquisition  costs  shown  in  column  A 
of  this  table  are  taken  from  Table  5-27  in  Section  5.7. 


5-38 


The  constant  “percentage  value  appl  ied  in  cal  cul  at  i  ng  savings 
for  each  cycle  is  derived  as  follows  from  the  parent  26,000  SHP, 

2  boiler,  2  heater  cycle  propulsion  plant  savings: 

Savings  for  parent  plant  =  $87,840 

Total  acquisition  cost  of  parent  plant  = 

$6.78x  106 

Percentage  Savings  =  —  “i?qnu  L-  x  100  »  1.296& 

The  predicted  savings  listed  in  Column  B  for  different  cycle  types 
are  then  obtained  by  multiplying  this  constant  percentage  value  by  the 
total  acquisition  costs  in  column  A.  — 
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5.3.4. 2  For  Diesel  Plants 

The  savings  due  to  implementation  and  use  of  total  plant 
standards  for  the  14,000  SHP  Medium-Speed  Diesel  Propulsion  Plant  was 
estimated  in  5. 3. 3. 3  and  found  to  be  $56,34o. 

The  forecast  includes  ships  with  medium-speed  diesel  engine 
propulsion  pllants  of  7,000  and  28,000  SHP  as  well.  Foil  lowing  the  same 
logic  as  for  the  steam  turbine  plants,  and  assuming  that  the  percentage 
savings  on  the  basis  of  total  acquisition  cost  is  constant,  the  individual 
savings  for  each  varying  SHP  range  can  be  predicted  as  follows: 

For  the  parent  plant  of  14,000  SHP,  total  acquisition  cost, 
from  5.7,  is  $4.32x  106. 

The  percentage  savings: 

- -r  x  100  =  1.304% 

L  oo  ^  in® 

Applying  this  constant  percentage  value  to  other  SHP  ranges: 

For  7,000  SHP  Plant: 

Savings  =  .0  1  304  x  2.78  x  196=  $36,251 
For  2 8, 000  SHP  Plant: 

Savings  =  .01304x  7.05  X.106=  $91,932 


5-41 


5.4  Analysis  of  Module  Standards  -  Group  II 


5.4.1  General 

5. 4. 1.1  Brief  Description  of  Group  II  Standards 

The  module  standards  were  defined  in  subtask-2  (4. 5. 3. 2) 
as  documents  “which  contain  the  technical  data  and  information 
to  define  and  describe  a  complete  sub-system  or  group  of  like 
equipment”  mounted  together  on  a  common  base,  a  format  was 
developed  for  this  standard  and  is  included  in  Appendix  c.2. 

An  option  is  open  to  the  shipyard  with  the  module  standards,  to 
either  purchase  a  vendor-assembled  module  (“BUY”  decision)  or 
to  buy  the  individual  equipment  from  Vendors  and  assemble  them 
in  accordance  with  the  requirements  of  the  Standard  in  the 
shipyard  ("MAKE"  decision). 

5. 4. 1.2  Candidates  Selected  for  Economic  Analysis 

As  a  representative  sampling  of  potential  candidates 
for  module  standards,  the  following  were  selected,  as  discussed 
in  4.6.2,  for  economic  analysis  in  the  present  subtask: 

1.  Fuel  Oil  Service  System  Module 

2.  Main  Feed  Pump  Module 

3.  Diesel  Accessory  Rack  Module 


5. 4. 1.3  Limitations  of  Analysis 

In  connection  with  each  individual  module,  assumptions 
additional  to  those  .established  in  5.2.2  were  made  regarding  various 
cost  items.  In  economically  analyzing  the  module  standards,  it 
was  recognized  that  the  basic  funtion  involved  was  the  assembling 
of  individual  equipment  comprising  the  module  on  a  common  foundation 
and  making  necessary  connections.  As  such,  it  was  more  readily 
adaptable  to  shipyard  procedures,  and  it  was  therefore  possible  to 
follow  the  Bath  Iron  Works  Corporation  suggested  “Cost  Analysis  Guide!’  “ 
of  Table  5-1.  As  a  result  of  this  approach,  however,  the  analyses 
were  further  dependent  on  the  validity  of  estimates  made  for  cost 
items  such  as  crane  time,  set-up  time,  inventory,  maintenance  and 
repairs,  etc.  it  is  quite  clear  that  these  cost  items  will  require 
differing  expenditures  in  different  shipyards.  The  estimates  pre¬ 
sented  here,  naturally  are  subjective  in  this  sense.  Nevertheless,  they 
results  in  finite  savings  with  standard  modules  over  non-standard 
modules,  be  it  shipyard-assembled  or  vendor-assembled.  . 
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5. 4. 1.4  “Make-or-Buy”  Decision 

Once  the  module  standards  are  developed  and  implemented, 
the  shipyards  will  have  a  genuine  opportunity  to  investigate  the  advan¬ 
tages  and/or  disadvantages  of  assembling  the  module  themselves.  If  an 
economic  gain  is  foreseen  in  shipyard-assembled  modules  and  if  the 
production  work  force  of  the  shipyard  necessary  to  do  this  assembling, 
without  disrupting  the  normal  ship  construction  and  installation,  wor.k, 
is  available,  then  the  decision  will  be  "make”.  If,  however,  the 
reverse  happens,  the  only  choice  will  be  to  “buy”  the  vendor-supplied 
module.  There  may  be  special  cases  when  due  to  availability  of 
slack  work  force,  a  "make”  decision  can  be  adopted  despite  the  fact 
that  buying  the  module  may  cost  less. 

In  the  analyses  reported  upon  in  5.4.2,  the 
“make-or-buy”  decision,  strictly  in  terms  of  dollar  values,  is  apparent. 
The  cost  savings  estimated  for  each  of  the  three  selected  candidates 
show  that  Alternative  I,  which  assumes  a  vendor-supplied  standard 
module,  is  economically  advantageous  over  Alternative  2  which  is  the 
case  for  a  shipyard-assembled  standard  module.  An  additional  factor 
which  is  not  accounted  for  in  this  report  is  the  probable  lower  over¬ 
head  rate  of  a  module  builder  as  compared  to  the  shipyard.  However, 
as  pointed  out  above,  the  actual  “make-or-buy”  decision  will  have  to 
be  resolved  by  the  individual  shipyards  for  the  time  frame  at  hand. 

This  decision  may  have  to  be  made  after  considering  some  or  all  of 
the  following  factors: 


5-44 


1.  Responsibility 

2.  Proficiency  of  procurement 

3.  Proficiency  of  assembly 

4.  Quantity  buys 

5.  Profits  or  mark-ups 

6.  Delays 

7.  Delivery  times 

8.  Work  for  personnel  at  slack  times 
9  .  Module  design  costs 

10.  Module  design  control 

11.  Overhead  comparison 
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5. 4. 1.5  Definition  of  Existing  Approach 

The  existing  or  "Present"  approach,  which  is  assumed  to  be 

J 

the  method  of  production  “used  in  U.S.  Shipyards  today,  is  defined  as 
fol  lows: 

a.  'Individual  components  of  the  module  are  purchased  separately 
and  arrive  at  the  shipyard  on  separate  foundations. 

Shipyard  must  design  the  module. 

b.  The  shipyard  must  store  and  protect  equipment  until 
it  is  ready  for  assembly. 

c.  The  shipyard  has  no  preformed  pipe  ready. 

d.  Assembling  of  the  non-standard  module  will  be  done  by 

the  shipyard  prior  to  installation  on  the  ship. 

The  breakdown  of  cost  items  for  the  existing  approach  will 
be  as  listed  on  the  analysis  formats  in  5.4.2. 

5. 4. 1.6  Definition  of  Standards  Approach 

The  economic  analyses  of  modules  for  the  standards  approach 
is  performed  for  two  distinctly  different  alternatives.  The  first 
alternative  is  the  purchasing  of  a  vendor-assembled  standard  module 
by  the  shipyard ,  and  the  second  is  the  assembling  of  the  standard 
module  by  the  shipyard.  Each  of  these  alternatives  will  be  traded  off 
against  the  present  method. 

The  breakdown  of  cost  items  for  the  standards  approach  is 
as  shown  below  (This  breakdown  was  used  as  the  basis  for  analysis 
forms  used  in  5.4.2): 
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a .  Procurement  Phase 


1.  Technical  department  direct  labor 

2.  Contracts  department  direct  labor 

.3.  Planning  and  estimating  department  direct  labor 

4.  Bid  and  response 

5.  Equipment  costs. 

b.  Installation  Phase 

1.  Direct  labor  in  shop 

2.  Direct  labor  on  ship 

3.  Crane  time 

4.  Engineering  interface 

5.  Set  up  time 

6.  Delays  and  spool  pieces 

7 .  Inventory 

8.  Maintenance  and  repairs 

c.  Test  and  Check  Out  Phase: 

These  costs  are  assumed  to  be  equal  for  the  Present 
and  Standards  approaches. 
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5.4.2  Cost  Analysis 


The  cost  analyses  for  the  module  standard  were  based  on 
the  breakdown  of  cost  itmes  for  the  existing  and  standards  approaches 
as  described  in  5. 4. 1.5  and  5. 4. 1.6. 

For  the  existing  approach,  engineered  time  data  for 
various  operations  such  as  planning  and  estimating  department  direct 
labor,  contract  department  direct  labor  and  technical  department  direct 
labor  were  used  as  supplied  by  Bath  Iron  Works  Corporation.  All  . 
other  cost  items  for  which  engineered  time  data  or  work  sampling  data 
were  not  available  were  estimated  by  MR&S. 

Two  different  alternatives  were  investigated  for  the 
standards  approach  as  can  be  seen  in  the  analysis  forms  on  the  fol¬ 
lowing  pages.  The  first  alternative  is  the  “vendor  supplied  standard 
module’,  and  the  second  is  a  “shipyard  assembled  standard  module". 

For  both  of  these  alternatives,  the  method  of  production  was  care¬ 
fully  considered  and  cost  items  were  estimated  one  by  one.  Since 
no  precedent  existed  for  a  standards  approach  of  the  type  in  question, 
all  cost  values  were  necessarily  estimated  by  MR&S. 

in  the  analysis  forms  that  follow,  the  recurring  cost 
items  are  identified  with  the  symboi  (k}  .  The  savings  for  these  cost 
items  will  repeat  themselves  even  in  the  case  of  multiple  ship  orders. 

The  analyses  show  that  for  the  candidate  standards 
analyzed,  the  following  savings  are  possible  when  using  module  stan¬ 
dards  compared  to  the  non-standard  module  approach. 

Vendor  Supplied  Yard  Assembled 
Std.  Module  Std.  Module 


Fuel  Oil  Service  System  Module 

$17,470 

$12,835 

Main  Feed  Pump  Module 

11,757 

7,407 

Diesel  Accessory  Rack 

31,607 

20,804 
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5.4. 3  Generalization  of  Results  for  Group  II  Standards 


Table  5-15  is-a  summary  of  results  for  the  economic 
analyses  performed  in  5.4.2.  Following  the  procedure  outlined  in 
5.2.3,  these  results’  can  be  used  in  estimating  the  “generalized” 

savings  for  all  other  possible  standards  In  Group  II.  Table  5-16 
lists  all  the  module  standards  considered  in  Subtask  -  2,  identifies 
each  of  these  with  a  similar  standard  from  Table  5-15,  and  calculates 
the  predicted  overall  savings  obtainable  through  its  use. 

The  following  size  and  complexity  contributions  are 
assumed  for  each  of  the  economically  analyzed  module  standards  for 
use  when  adopting  them  for  comparison  as  a  similar  standard: 


Fuel 

Oil  Service  System  Module:  Size: 

45% 

Complexity: 

55% 

Main 

Feed  Pump  Module:  Size: 

35% 

Complexity: 

65% 

Diesel  Accessory  Rack  Module:  Size: 

40% 

Complexity: 

.60% 
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5 . 5  Analysis  of  Envelope  Standards  -  Group  III 

5.5.1  General 

5. 5. 1.1’  Brief  Description  of  Group  III  Standards 

The  envelope  standard  is  a  document  which  contains  the 
technical  data  and  information  “required  to  define  and  describe  the 
interface  characteristics”of  the  equipment.”  As  it”  was  discussed  In 

4.5.2. 1  and  4 . 5 . 3 . 3 ,  this  standard  concept  is  based  on  an  imaginary 
cube  envelope  around  the  equipment.  All  mechanical  connections  are 
brought  to  the  surfaces  of  this  envelope,  and  the  shipyard  brings 
services  to  these  surfaces. 

It  will,  be  remembered  that  space  limitations  may  restrict 
the  use  of  envelope  standards,  but  that  as  a  major  advantage  they 
effectively  establish  equipment  standards  without  interfering  with 
the  independence  of  individual  equipment  manufacturers.  In  Appendix  C.3. 
a  standard  envelope  format  is  included  to  indicate  the  content  and 
extent  of  this  standard  concept. 

5. 5. 1.2  Candidates  Selected  for  Economic  Analysis 

Selected  for  economic  analysis  in  Subtask-3  were  the 
following  envelope  standards  candidates: 

1.  Boiler  Envelope 

2.  Lube  Oil  Purifier  Envelope 

3.  Main  Feed  Pump  Envelope 
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Each  of  these  envelopes  will  be  economically  analyzed 
for  the  existing  method,  and  the  standards  aporoach  and  results  will 
be  compared  to  estimate  the  savings  due  to  using  envelope  standards. 

5.5.1. 3  Limitations  of  Analyses 

The  accuracy  of  the  results  are  dependent  upon 
specific  assumptions  made  in  analyzing  the  cost  items  for  each  Can¬ 
didate  Standard.  Especially  such  cost  items  as  crane  time,  set-up 
time,  inventory,  maintenance  and  repairs,  etc.,  may  vary  considerably 
from  one  shipyard  to  another.  Therefore  the  estimates  presented 
here  are  necessarily  subjective  in  this  sense.  However,  the  overall 
effect  obtained  is  realistic,  and  even  though  the  absolute  values 
of  savings  may  be  subject  to  variations,  the  direction  of  gains  is 
firm  and  finite  with  envelope  standards  as  compared  to  no  standards. 

A  “make-or-buy”  decision  may  be  thought  of 
in  relation  to  the  envelope  standards.  However,  especially  for 
smaller  pieces  of  equipment  which  are  likely  candidates  for  en¬ 
velope  standards,  the  number  and  extent  of  external  connections  to 
the  equipment  are  so  few  that  little,  if  any,  difference  can  be 
expected  between  the  "make”  or  “buy”  alternatives. 
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5. 5. 1.4  Definition  of  Existing  Approach 

The  present  or  existing  approach  used  in  the  U.S.  Shipyards 
today  for  those  equipment  which  are  candidates  for  envelope  Standards 
can  be  summarized  as  follows: 

a.  The  equipment  is  purchased  through  normal  channels 
and  following  usual  procurement  procedures. 

b.  The  equipment  is  stored  and  protected  in  the  shipyard 
until  it  is  ready  for  installation  on  board  ship. 

c.  All  mechanical,  electrical  and  other  external 
connections  to  the  equipment  are  made  after  installation. 

d.  Foundations,  if  required,  are  manufactured  by  the  shipyard  . 
after  final  approved  drawings  from  the  vendor  are  received. 

The  breakdown  of  cost  items  for  the  present  approach  will  be 
the  same  as  those  for  the  module  standards  and  as  shown  on  analysis 
formats  in  5.5.2. 

5.5.1. 5  Definition  of  Standards  Approach 

The  standards  approach  for  the  case  with  envelope  standards 
can  be  defined  as  follows: 

a.  The  equipment  can  be  purchased  directly  from  the  manufacturers 
complete  with  its  base  and  external  connections  to  the 
interface  points  on  the  envelope  surface. 

b.  The  shipyard  will  be  able  to  manufacture  preformed  piping 
and  prepare  connections  until  the  interface  points  on 
the  envelope  surface. 
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c.  The  envelope  “incl  udes  the  standard  base  and  the  shipyard 
can  prepare  ship’s  foundation  to  match  using  the  drawings 

in  the  standard  document  without  waiting  for  vendor’s 
plans. 

The  breakdown  of  cost  items  are  the  same  as  for  module 
standards  as  shown  in  5.4.1.  and  on  analysis  formats  as  well. 
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5.5.2  Cost  Analyses 


The  breakdown  of  cost  items  for  the  existing  and  stan¬ 
dards  approaches  as  described  in  5 . 5 . 1 . 4  and  5.5. 1.5  were  used  as 
a  basis  for  the  cost  analyses  of  envelope  standards. 

For  the  existing  approach,  Bath  Iron  Works  Corporation  ‘s 
engineered  time  data  were  used  in  establishing  expenditures  for  various 
procurement  operations  such  as  planning  and  estimating  department 
direct  labor,  contracts  department  direct  labor  and  tehcnical  depart¬ 
ment  direct  labor.  No  engineered  time  data  nor  work  sampling  data 
were  available  for  the  remaining  cost  items,  and  accordingly  the 
values  used  for  these  are  MR&S  estimates. 

There  was  no  precedent  for  a  “Standards  Approach”  from 
which  source  data  could  be  drawn.  For  this  reason,  all  cost  items  for 
the  standards  approach  were  estimated  by  MR&S. 

The  recurring  cost  items  are  identified  with  the  sym¬ 
bol  fR)  in  the  analysis  forms  that  follow.  The  savings  for  these 
cost  items  will  repeat  themselves  even  if  multiple  ships  are  being 
built. 

The  results  of  the  analyses  indicate  that  for  the  candi¬ 
date  standards  in  question  the  following  savings  are  attainable  when 
using  envelope  standards  as  compared  with  the  present  approach: 

Main  Boiler  Envelope  =  $17,124 

Lube  Oil  Purifier  Envelope  =  $  4,461 

Main  Feed  Pump  Envelope  =  $5,394 
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5.5.3  Generalization  of  Results  for  Group  III  Standards 


Table  5-20  cotains  a  summary  of  results  of  the  economic 
analyses  performed  in  5.5.2.  Following  the  procedure  outlined  in 
5.2.3,  these  results  can  be  used  in  estimating  the  “generalized” 
savings  for  all  other  standards  in  Group  III.  Table  5-21  lists  all 
the  envelope  standards  considered  in  Subtask  2,  identifies  each  of 
these  with  a  similar  standard  from  Table  5-20,  and  calculates  the 
predicted  overall  savings  obtainable  through  its  use. 

The  following  size  and  complexity  contributions  are 
assumed  for  each  of  the  economically  analyzed  envelope  standards  for 
use  when  adopting  them  for  comparison  as  a  similar  standard: 

Main  Boiler  Envelope: 

Size  :  40% 

Complexity  :  60% 

Lube  Oil  Purifier  Envelope: 

Size  :  60% 

Complexity  :  40%1 

Main  Feed  Pump  Envelope  : 

Size  :  50% 

Complexity  :  50% 
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5.6  ECONOMIC  ANALYSIS  OF-INDIVIDUAL  EQUIPMENT  STANDARDS  -  GROUP  IV 


5.6.1  General  , 

5. 6. 1.1  Brief  Description  of  Group  IV  Standards 

The  Group  IV  Standards  should  be  implemented  by 
means  of  a  “phasing-in”  process.  The  order  of  development  of  standards 
for  individual  equipment  and/or  components  will  be 

1.  Data  Standards 

2.  Procurements  Standards 

3 .  Hardware  Standards 

Detailed  descriptions— of  each  one  of  these 
three  different  standard  concepts,  as  well  as  sample  formats,  are 
to  be  found  in  Appendix  C.4.  The  economic  analsyses  reported  upon  in 
this  section  are  based  on  the  sample  formats  and  as  such  assume  that 
all  information  mentioned  in  the  formats  is  available. 

In  general,  the  scope  of  Group  IV  Standards  can 
be  summarized  as  follows: 

Data  Standard:  Includes  technical  information 
which  is  necessary  for  ship  designers  to  per¬ 
form  proplusion  plant  designs  at  any  level 
without  requiring  additional  information  from 
vendors. 

Procurements  Standard:  Contains  both  the  tech¬ 
nical  and  the  legal  documentation  to  purchase 
vendor  equipment. 

Hardware  Standard:  Contains  the  technical  infor¬ 
mation  necessary  to  define  and  describe  the  hard¬ 
ware  which  is  interchangeable  among  all  vendors 
as  to  interface. 
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5.6.1 .2  candidates  selected  for  Economic  Analysis 


As  a-result  of  technical  analyses  performed  in 
Subtask  -  2,  the  foldowing  Group  IV  standards  candidates  were  selected 
for  economic  analysis  (See  Section  4.6.2): 

Main  Condensate  Pump 
Starting  Air  Compressor 
Main  Boiler 

Each  of  these  candidates  will  be  economically  . 
analyzed  for  each  of  the  three  different  concepts  of  standards. 
Analyses  will  be  based  on  a  comparison  of  the  “present”  approach 
(with  no  standard  available)  with  the  “standards’’a  aproach  (where 
it  will  be  assumed  that  standards  are  available).  The  “present”  . 
and  “standards”  approaches  are  more  clearly  developed  in  5 . 6 . 1 . 4 
and  5 . 6 . 1 . 5  respectively. 

5. 6. 1.3  Limitations  of  Analyses 

The  analyses  performed  in  5. 6. 2. 2,  5. 6. 2. 3  and 
5 . 6 . 2 . 4  are  based  on  the  general  guidelines  discussed  in  5.2.2  which 
make  certain  assumptions  and  set  certain  criteria.  Furthermore, 
in  performing  the  individual  analyses,  certain  additional  specific 
assumptions  were  made  due  to  a  lack  of  concrete  source  information 
on  many  of  the  cost  items  involved.  As  a  result,  analyses  are  best 
estimates.  However, they  show  a  trend  toward  labor  savings  for 

individual  equipment  standards;  so  that  even  though  they  are  limited 
in  absolute  values  of  savings,  they  are  instrumental  in  assessing 
the  advantage  of  implementing  Group  IV  Standards. 
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5.6.1. 4  .  Definition  of  Existing  Approach 
A.  For  Data  Standards 

1.  Shipyard  has  a  catalog  library  which  isnot  complete  nor 
standardized. 

2.  Cost  items  not  listed  as  variable  are  assumed  constant 
for  this  study. 

3 .  A  certain  amount  of  revision  to  the  heat  balance  calculation, 
arrangement  drawings,  weight  estimates,  piping  schematics 
and  electrical  load  analysis  will  be  necessary  after  Vendor’s 
actual  data  on  the  component  is  received  by  the  Shipyard. 

4.  It  is  assumed  that  a  search  of  the  in-house  catalog  library 
will  enable  the  shipyard  to  select  a  sufficient  number  of 
manufacturers  whose  products  will  meet  the  basic  design 
requirements. 

B.  For  Procurement  Standards 

1.  Shipyard  has  a  catalog  library  which  is  not  complete  nor 
standardized. 

2.  Cost  items  not  listed  as  variable  are  assumed  constant  for 

this  study. 

3  .  A  certain  amount  of  revision  to  the  heat  balance  calculations, 
arrangement  drawings,  weight  estimates,  piping  schematics  and 
electrical  load  analysis  will  be  necessary  after  Vendor’s 
actual  data  on  the  component  is  received  by  the  Shipyard. 

4.  it  is  assumed  that  a  search  of  the  in-house  catalog  library 
will  enable  the  shipyard  to  select  a  sufficient  number  of 
manufacturers  whose  products  will  meet  the  basic  design  requirements. 


C.  For  Hardware  Standards 


1.  Shipyard  has  a  catalog  I  ibrary  which  is  not  complete  nor 
standardized,. 

2.  Cost  items  not  listed  as  variable  are  assumed  constant  for 
this  study. 

3  .  A  certain  amount  of  revisionto  the  heat  balance  calculations, 

arrangement  drawings,  weight  estimates,  piping  schematics  and 
electrical  load  analysis  will  be  necessary  after  Vendor’s 
actual  data  on  the  component  is  received  by  the  Shipyard. 

4.  It  is  assumed  that  a  search  of  the  in-house  catalog  library 
will  enable  the  shipyard  to  select  a  sufficient  number  of 
manufacturers  whose  products  will  meet  the  basic  design 
requirements. 

5.  It  is  assumed  that  a  new  design  or  a  modification 

of  an  existing  design  will  be  required  for  the  component  in 
question,  by  the  manufacturer. 

6 .  As  a  source  for  man-hours  required  to  develop  purchase  specs 
and  carry  out  the  planning  and  contract  department  operation, 
engineered  time  data  supplied  by  Bath  Iron  Works  Corporation 
is  used.  - 
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5. 6. 1.5  Definition  of  Standards  Approach 

A.  For  Data  Standards 

1.  Shipyard  has  e  “Data  Standard”  available  for  the  subject 
component. 

2.  Data  Standard  contains  all  technical  information  at  the 
Vendor  plan  level. 

3.  Data  Standard  does  not  contain  any  legal  and  sales  information 
that  can  substitute-for  a  purchase  specification. 

4.  Technical  info  available  in  the  data  standard  will  reduce 
the”procurement  effort  by  ~  25%. 

5.  Due  to  more  accurate  data  available  in  the  standard  in  the 
initial  stages  of  design,  the  revisions  to  various  contract 
design  work  will  be  reduced  by  25%. 

B .  For  Procurement  Standards 

1.  The  shipyard  has  a  “procurement  standard”  available  for  the 
subject  component. 

2.  Procurement  standard  contains  all  technical  arid  legal 
information  needed  to  incorporate  the  subject  component  into 
the  ship  design  and  also  to  procure,  install  and  test  the  same. 

As  such,  it  will  eliminate  the  need  to  write  purchase  specifications 
and  it  will  reduce  the  procurement  effort  by  ~  50%. 

3.  Revisions  to  contract  design  calculations  and  diagrams  will  be 
reduced  by  ~  25%. 


5-71 


C.  For  Hardware  Standards 

* 

1.  The  shipyard  has  a  "'Hardware  Standard”  available  for  the 

e 

subject  component. 

2.  The  Standard  contains  all  technical  and  legal  information, 
including: 

a.  Performance  characteristics 

b.  Operating  characteristics 

c.  Interface  requirements 

d.  Packaging  information 

e.  Installation  drawings  and  procedure 

f.  Critical  materials  specifications 
9*  Regulatory  body  approvals 

h.  Test  memoranda  &  quality  control  requirements 

i.  Purchase  specifications 

3.  it  is  assumed  that  based  on  the  information  available  in  the 
Standard,,  the  Manufacturers  will  have  developed  complete 
machine  designs  for  manufacture  and  set-up  for  manufacture 
on  the  component  in  question. 

4.  It  is  further  assumed  that  with  the  completely  accurate 
technical  data  available  in  the  Standard,  no  revisions  to 
the  contract  design  calculations  and  diagrams  will  be 
necessary. 
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5.  Additional  savings-which  may  be  possible  to  attain  in  the 
scheduling  the  due  to  elimination  of  delays  in  arrangement 


drawings  and  due  to  reduced  delivery  time  for  the  manufacture 
of  “Standard”  equipment  are  neglected  in  this  study  (since 
they  are  difficult  to  assess  due  to  large  variations). 


5-73 


5.6.2  Cost  Analyses 

The  Group  IV,  Individual  Equipment/Component  Standards, 
were  analyzed  for  each  of  the  three  different  types  of  standards. 

In  the  following  pages,  the  basis  of  analyses  are  listed  in  the  form 
of  a  detailed  breakdown  of  cost  items.  The  cost  items  for  each  type 
of  standard,  namely  the  data,  the  procurement  and  the  hardware  standard, 
are  presented  in  an  analysis  form  in  the  same  sequence  as  the  break¬ 
downs  in  5. 6. 2. 1.2  through  5. 6. 2. 1.4. 

The  engineered  time  data  as  furnished  by  Bath  Iron  Works 
Corrporation  are  used  for  estimating  the  procurement  phase  cost  items  for 
the  existing  approach.  The  remaining  cost  items  and  the  standards 
approach  analysis  figures  were  estimated  by  MR&S. 

The  recurring  costs  are  identified  in  the  analysis 
forms  by  a  (+)  sign  under  the  proper  column.  As  it  was  pointed  out 
earlier,  in  connection  with  the  mdule  and  envelope  standards  cost 
analyses,  the  savings  for  these  cost  items  will  repeat  themselves 
even  if  a  contract  for  multiple  ships  were  awarded.  All  other  cost 
items  are  non-recurring;  and  as  such,  they  are  applicable  to  the  first 
ship  of  a  type  or  class  to  be  built  in  any  one  shipyard. 

The  analysis  results  indicate  that  the  following 
over-all  savings  are  attainable  when  using  Group  IV  standards  as 


compared  to  the  present 

approach  of  no 

standards : 

Data 

Procurement 

Hardware 

Std 

Std 

Std 

Main  Condensate  Pump 

1,350 

2,124 

4,842 

Starting  Air  Compressor 

1,242 

1,980 

4.698 

Main  Boiler 

3,510 

6,  3oo 

18,570 
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5. 6.2.1  Detailed  Breakdown  of  Cost  Items 


5. 6. 2. 1.1  Data  Standard 
Cost  Item  I  1  :  Establish  Design  Requirements 

a)  Review  preliminary  heat  balance  &  establish 

Performance  characteristics 
Operational  characteristics 

b)  Review  ship  specs  -  determine  space  &  weight  relation  if  any. 
cost  Item  #2 :  Review  Industry  Availability 

a)  Use  in-house  catalogues/brochures  or  information  files 

1  -  Determine  if  any  mfrs  have  products  that  fulfill  requirements 
2-  Select  a  sufficient  number  of  mfrs  whose  products 
general  requirements 

3  -  Write  technical  specs  for  the  component  endeavoring  not  to 
stifle  competition. 

b)  For  the  Standards  Approach,  use  "Data  Standard" 

1  -  Select  components  from  the  data  standard 
2-  Write  technical  specs  for  the  components  selected. 

Cost  Item  #  3:  Prepare  Purchase  Specs: 

a)  Based  on  Technical  specs  of  cost  item  #2,  write  procurement  specs. 

b)  Incorporate  legal  and  sales  information  into  the  procurement  specs. 
Cost  Item  #4:  Procure 

Procure  item  following  normal  shipyard  procedure. 
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Cost 


tem  #  5:  Incorporate  Component  into  Ship  Design 

For  Existing  Approach,  obtain  vendor's  data  from  the  mfr.  and: 

1  -  Revise  heat  balance  to  reflect  changes  in  component  data  as 
compared  to  those  assumed  for  preliminary  heat  balance. 

2-  Using  size  info.,  develop  contract  arrangement  dwgs . 

3-  Use  weight  info,  re  ship's  weight  estimate. 

4-  Use  piping  &  valve  size  info,  to  develop  related  piping 
system  schematics. 

5-  Use  prime  mover  power  characteristics  info,  to  revise 
preliminary  electrical  load  analysis. 

)  For  Standards  Approach,  use  data  std  to  do  the  same  work  as  pr 
(a)  above. 
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5 .2.1.2  Procurement  Standard 


Cost  Item  #  1:  Establish  Design  Requirements 

a)  Review  preliminary  heat  balance  &  establish 

Performance  characteristics 
Operational  characteristics 

b)  Reveiw  ship  specs  -  determine  space  &  weight  relation  if  any. 

Cost  Item  #  2:  Review  industry  Availability 

a)  Use  in-house  catalogues/brochures  or  information  files 

1  -  Determine  if  any  mfrs  have  products  that  fulfill  requirements 

2  -  Select  a  sufficient  number  of  mfrs  whose  products  meet 

general  requirements 

3  -  Write  technical  specs  for  the  component  endeacring  not  to 

stifle  competition. 

b) 

1  -  Select  component  from  the  "data'  section  of  procurement 

standard 

2  -  Select  technical  specs  from  the  "specs"  section  of  procure¬ 

ment  standard. 

Cost  Item  #3:  Purchase  Specs 

a)  Prepare  purchase  specs  &  Legal  &  Sales  info 

b)  Select  Std.  Purchase  Specs. 

Cost  Item  #4:  Procure 

Following  normal  shipyard  procedure  (using  std.  procurement  specs.) 
cost  Item  #5:  Contract  Design 

a)  For  Existing  Approach,  obtain  vendor's  data  from  the  mfr.  and: 
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1-  Revise  heat  balance  to  reflect  changes  in  component  data 
as  compared  to  those  assumed  for  preliminary  heat  balance. 

2-  Using  size  info.,  develop  contract  arrangement  dwgs . 

3-  Use  weight  info,  re  ship's  weight  estimate 

4-  Use  piping  &  valve  size  info,  te  develop  related  piping 
system  schematics. 

5-  Use  prime  mover  power  characteristics  info,  to  revise 
preliminary  electrical  load  analysis.  - 

b)  For  Standards  Approach,  use  data  std  to  do  the  same  work  as  pr 

(a)  above. 
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5. 6. 2. 1.3  Hardware  Standard 


Cost  Item  #1:  Establish  Design  Requirements 

a)  Review  prel  irninary.heat  balance  &  establish 

Performance  characteristics 
Operational  characteristics 

b)  Review  ship  specs  -  determine  space  &  weight  relation  if  any. 

Cost  Item  #2 :  Review  Industry  Availability 

a)  Use  in-house  catalogues/brochures  or  information  files  to 

screen  components  available  to  industry: 

1  -  Determine  if  any  mfrs  have  products  that  fulfill  requirements 

2  -  Select  a-sufficient  number  of  mfrs  whose  products  meet 

general  requirements 

3  -  Write  technical  specs  for  the  component  endeavoring  not  to 

stifel  competition. 

b)  For  the  Standards  Approach,  use  "Hardware  STandards" 

-  Select  standard  hardware  which  most  nearly  fulfills  require¬ 
ments  of  design 
Cost  Item  #3:  Procurement 

a)  Prepare  Purchase  Specs. 

b)  Procure  item  following  normal  shipyard  procedure  (using  tech. 

specs  from  2. a  or  2.b) 

c)  Select  STd  Purchase  Specs  from  hardware  Std. 

d)  Procure  item  following  normal  shipyard  procedure  (using  pro¬ 

curement  specs  from  hardware  standard)  -  for  the  standards  approach. 
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cost  Item  #4 ;  Incorporate  Component  into  Ship  Design 

For  Existing  Approach,  obtain  vendor's  data  from  the  mfr.  and: 

a)  Revise  heat  balance  to  reflect  changes  in  component  data  as  com¬ 

pared  to  those  assumed  for  preliminary  heat  balance. 

b)  Using  size  info.,  develop  contract  arrangement  dwgs . 

d)  Use  piping  &  valve  size  info,  to  develop  related  piping 

system  schematics. 

e)  Use  prime  mover  power  characteristics  info,  to  revise  pre¬ 

liminary  electrical  load  analysis. 


NOTES  : 

1.  For  existing  approach,  preliminary  calculation,  diagrams,  estimates 
and  arrangement  will  have  to  be  revised  after  obtaining  vendor's  data  for 
the  component.  In  the  standards  approach,  all  data  needed  to  finalize  the 
preliminary  work  is  contained  in  the  hardware  standard  -  so  that  no  revision 
is  necessary. 


Cost  Item  #5:  Manufacture 

a)  Prepare  Design 

b)  Set-up  for  Manufacture 

c)  Production 


NOTES  : 

1.  With  the  standards  approach,  set-up  for  manufacture  may  require  less 
time  in  the  long  run  since  changes  from  one  set-up  to  another  will  have  been 
established  and  therefore  can  be  effected  in  a  minimum  of  time. 
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2.  With  the  standards  approach, _the  manufacturers  will  not  have  to  develop 
repeated  learning  curves.  The  learning  curve  will  be  there  except  for  the 
very  first  time  a  standard  hardware  is  produced.  Special  machinery,  tools, 
dies,  molds,  etc.  will  have  been  bought,  manufactured  or  otherwise  mad  a 
part  of  the  facility.  "Since  the  materials  will  have  been  specified  in  the 
standards,  the  manufacturer  will  be  in  a  better  position  to  stock  some 
critical  materials. 


Cost  item  #6:  installation 

1.  Make  mechanical  (piping,  etc.)  Conn's. 

2.  Make  electrical  connections 

3.  Provide  quality  control 


NOTES  : 

1.  Since  physical  dimensions  and  bolting  and/or  other  fastening  require¬ 
ments  will  be  available  in  the  hardware  standard,  these  work  items  can  be 
accomplished  earlier  in  the  construction  schedule  of  the  ship. 

2.  Since  all  pipe  and  valve/fitting  sizes  and  specs  will  be  contained  in 
the  hardware  standard,  it  will  be  possible  to  prepare  pre-formed 
piping  sections  and  obtain  time  (&  labor)  savings  in  actual  construction 
work. 

3.  Since  shipyard  quality  control  personnel  will  have  become  familiarized 
with  Quality  Assurance  procedures,  they  will  be  in  a  position  to  pro- 
vice  more  efficient  control  work  and  thereby  effect  considerable  savings. 
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cost  Item  #7:  Testing  &  Checkout 


a)  In-place  tests  after  installation 


NOTES  : 

1.  There  may  be  some  savings  in  this  cost  item  9  with  the  standards  approach) 
due  to  standardization  of  test  procedures  as  delineated  in  the  hardware 
Standard. 

2.  No  savings  can  be  expected  in  dock  trials  and  sea  trials  since  operation 
of  all  systems  is  very  much  inter-related. 
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5.6.3  Generalization  of  Results  for  Group  IV  Standards 

Table  5-25  is  a  summary  of  results  for  the  economic 
analyses  performed  in  5.6.2.  Following  the  procedure  outlined  in 
5.2.3,  these  results  can  be  used  in  estimating  the  "generalized" 
savings  for  all  other  possible  standards  candidates  in  Group  IV. 

Table  5-26  lists  all  of  the  individual  equipment  standards 
considered  in  Subtask  2,  Identifies  each  of  these  with  a  similar, 
standard  from  Table  5-25,  and  calculates  the  predicted  overall 
savings  obtainable  through  its  use. 

The  following  size  and  complexity  contributions  are 
assumed  for  each  of  the  economically  analyzed  standards  for  use  when 
adopting  them  for  comparison  as  a  similar  standard: 

Main  Condensate  Pump: 

Size  :  50% 

Complexity:  50% 

Starting  Air  Compressors: 

Size  :  70% 

Complexity:  30% 

Main  Boiler: 

Size  :  40% 

Complexity:  60% 
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5 . 7  Synthesis  of  Economic  Analyses  and  Application  of  Savings 
to  Forecast-Ships 

5.7.1  Percentage  Savings  for  the  Parent  Ships 

The  total  savings  available  through  implementation  of  standards  in 
all  of  the  four  groups  (as  shown  in  Table  5-3)  for  the  parent  steam- 
propelled  ship  was  estimated  to  be  approximately  $264, ooo  (see  5.2.4). 

It  will  be  recalled  that  the  parent  ship  had  a  steam  turbine  propulsion, 
plant  of  26,000  SHP  with  2  main  boilers  and  2  stage  feed  heating. 

The  machinery  acquisition  cost  for  this  plant  can  be  estimated 

by  using  the  cost  equations  developed  from  Jose  Femenia's  paper 
"Economic  comparison  of  various  Marine  power  plants"  ^  by  escalating 

the  constants  to  correspond  to  1974  dollars.  The  equations  were  listed 

that  exist  in  the  forecast. 

1.  Two  Boiler,  2  Heater  Cycle: 

A  =  42855.7  X  (SHP)0'5 

2.  Two  Boiler,  4  Heater  Cycle: 

A  =  44067.6  (SHP)0'5 

3.  Single  Boiler,  2  Heater  Cycle: 

A=  38589  (SHP)0'5” 

4.  Single  Boiler,  4  Heater  Cycle: 

A  =  42936  (SHp)0'504 

5.  Reheat  Cycle: 

A=  51928  (SHP)0'487 

(1)  SNAME  Transactions,  Volume  81,  1973,  page  79 
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For  the  parent  ship,  the  applicable  cost  equation  is  1.  Therefore: 


Acquisition  Cost: 


A=  42855.7  x  (26, 000) ) 0"5  =  $6.91  x  106 


and  Percentage  Savings: 


a 


264, ooo 
6.91  X  lo° 


X  100=3.82% 


For  the  parent  diesel-propelled  ship,  the  total  savings  available  through 
implementation  of  standards  in  all  four  groups  was  predicted  to  be  $238, 7oo 
in  5.2.4. 

The  machinery  acquisition  costs  for  medium-speed  diesel  propulsion 
plants  can  be  estimated  by  the  equation: 


A=  11,374  x  (SHP)  0,6222 
For  the  14,000  SHP  Parent  plant: 

Acquisition  Cost  A  -  11,374  (14,  000)  0,622  '$4.31  x  106 
and  percentage  savings: 


a 


238,700 

4.31  x  106 


x-  100  -  5.538% 


5.7.2  Predicted  Savings  for  Other  Ships 

It  is  assumed,  for  the  purposes  of  this  feasibility  study,  that  for 
all  steam  plants  of  varying  cycle  types,  the  savings  due  to  Standards  as 
proposed  will  be  a  constant  fraction  of  the  total  acquisition  cost  of  the 
propulsion  plant.  It  therefore  becomes  possible  to  predict  the  savings 
for  any  and  all  ships  in  the  forecast  if  the  propulsion  plant  costs  can 
be  estimated.  Using  Femenia's  equations  listed  above  in  5.7.1,  the 
acquisition  costs  for  each  of  the  cycles  are  calculated;  then  the  percentage 
savings  calculated  in  5.7.1  is  applied  to  each  of  these  total  costs  to  get 
individual  savings  in  terms  of  1974  dollars.  Table  5-27  lists  all  plants, 
and  results  of  calculations. 
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The  diesel  propulsion  plant  savings  as  percentage  of  acquis  it  ion  costs 
.  was  estimated  to  be  5.  538%.  -Applying  this  percentage  factor  to  the 
-  acquisition  costs,  of  each  diesel  plant,  the  savings  become: 

For  7,000  SHP  Diesel  Plant: 

11,374  x  (7,  000)  °'622  X  .05538  =  $155,209 
For  14,000  SHP  Diesel  Plant: 

$238,700  (from  5.2.4) 

For  28,000  SHP  Diesel  Plant: 

11,374  x  (28,000)  0622  X  .05538  =  $367,  619 
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5.8  A  PROJECTION  OF  INDUSTRY-WIDE  BENEFITS 


The  benefits  to  be  expected  from  the  implementation  of  proposed 
standards  will  be  in  the  form  of  labor,  material  and  scheduling  time 
savings.  The  savings  in  labor  and  material  costs,  in  the  present  analysis, 
were  combined  into  one  total  and  given  the  name  "total  savings." 

The  total  savings  were  estimated: 

a.  For  several  selected  candidates  in  each  group  of  standards, 
by  economically  analyzing  the  cost  items  in  accordance  with 
the  methodology  of  5.2  and  comparing  the  present  method  of 
approach  with  the  Standards  approach. 

b.  For  remaining  standards  in  each  group,  by  extrapolating  the 
results  of  analyzed  standards  following  the  method  of 
generalization  described  in  5.2.3. 

c.  For  parent  steam  and  diesel  propulsion  plants,  by  summing  up 
savings  from  all  standards  incorporated  into  the  parent  plant, 
as  described  in  5.2.4. 

d.  For  other  steam  and  diesel  propulsion  plants,  and  therefore 
for  other  ships  that  are  included  in  the  forecast,  by  assuming 
a  constant  percentage  savings  based  on  the  total  acquisition 
cost  of  the  plant  in  question  (5.2.5). 

The  scheduling  time  savings  were  also  estimated  wherever  applicable 
and  possible.  But  is  it  considered  unrealistic  to  generalize  on  these. 
Therefore  in  investigating  industry-wide  benefits  we  will  limit  ourselves 
to  labor  and  material  savings  only. 
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The  results  obtained  are  used  to  estimate  the  over-all  industry-wide 
benefits  which  are  to  be  expected  for  each  year  of  the  forecast  period  as 
well  as  for  its  total  duration. 

5.8.1  For  Each  Year  of  the  Forecast  Period 

Referring  to  the  Sub-task  1  Report,  "Forecast  for  Propulsion 
Plant  Standards,"  Table  3-4.2  lists  steam  plants  by  cycle  type  and  shows 
quantities  of  ships,  for  each  year  of  theforecast  period,  which  will  have 
propulsion  plants  of  the  type  listed.  Table  3-6  is  a  similar  compilation 
for  diesel  plants. 

Tables  5-28  and  5-29  list  the  total  savings  for  each  plant 
for  each  year  of  the  forecast  period  for  the  total  number  of  ships  to  be 
contracted  for  in  that  year  with  that  propulsion  plant.  In  estimating 
the  total  savings  for  the  first  year  of  implementation,  1975,  it  was 
assumed  that  each  of  the  ships  to  be  contracted  would  result  in  unit 
savings  corresponding  to  the  type  of  plant  and  the  SHP  range.  For 
succeeding  years  of  standards  implementation,  however,  several  of  the 
ships  were  assumed  to  be  part  of  a  series  construction  and  therefore 
they  were  assumed  to  provide  no  additional  savings. 

To  clarify  the  approach,  let  us  consider  the  following 

example : 


In  the  year  1976,  10  ships  will  be  contracted  for  with  a  B— 37 
propulsion  plant.  (The  symbol  B-37  corresponds  to  a  "Two  Boiler-Four  Stage 
Feed  Heating"  cycle  of  37,000  SHP  power  range.)  It  was  assumed  that  4  out 
of  10  of  these  ships  will  be  part  of  a  series  construction  belonging  to  the 
remaining  six  contracts.  Therefore,  out  of  a  total  number  of  10, ships, 
only  6  are  assumed  to  offer  the  unit  savings. 

In  tables  5-28  and  5-29,  the  number  of  series  ships  and  the 
number  of  ships  which  will  provide  savings  are  identified  for  each  year. 
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5.8.2  For  the  Total  Forecast  Period 


In  order  to  estimate  the  total  savings  for  the  complete 
forecast  period,  the  influence  of  escalation  in  labor  and  material  costs 
would  have  to  be  taken  into  consideration.  All  costs  and  cost  savings 
reported  up  to  this  point  in  this  report  are  in  constant  1974  dollars  - 
as  assumed  in  5. 2. 2. 2  for  uniformity  in  economic  analyses.  None  of  the 
costs  are  inflated  past  July  1974.  As  an  initial  approach,  these  costs 
will  be  subjected  to  a  9%  per  year  escalation  rate  and  the  total  estimated 
savings  will  be  determined. 

Table  5-30  shows  the  result  of  escalating  combined  total  savings 
attainable  by  using  standard  diesel  and  steam  plants  for  each  year  reported 
in  Tables  5-28  and  5-29  by  an  inflation  rate  of  9%  per  year.  it  is  assumed 
that  gas  turbines  will  provide  no  additional  savings  for  the  purposes  of 
this  study. 

The  projected  industry-wide  benefits  escalated  as  described 
above  appear  to  be  in  the  order  of  $81,353,000  -  for  the  total  forecast 
period.  The  uninflated  industry-wide  benefits  are  approximately  $51. S  million 

It  must  be  remembered  that  the  numerical  results  obtained  here  depend  on 
the  assumptions  made  and  criteria  adopted,  and  therefore  their  accuracy 
is  limited  to  the  extent  discussed  in  5. 3. 1.3,  5. 4. 1.3,  5. 5. 1.3  and  5. 6. 1.3, 
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5 . 9  Summary  and  Conclusions 
5.9.1  General 

The  technical  analysis,  subtask-2,  resulted  in  the 
selection  of  certain  systems,  sub-systems  and  components  of  different 
types  of  propulsion  plants  as  potential  candidates  for  which  standards 
may  be  developed.  The  selection  was  based  on  technical  feasibility, 
industry  acceptance  and  a  qualitative  consideration  of  economic 
advantages . 

Table  5-31  lists  all  the  candidates  under  the  four 
proposed  primary  standards  groups. 

In  the  course  of  subtask-3,  economic  analyses  were 
performed  of  the  potential  candidates  in  order  to  determine  the  magnitude 
of  cost  and  schedule  savings  of  an  installed  propulsion  plant.  The  method 
used  was  conducting  specific  detailed  economic  analyses  on  a  representative 
sampling  of  potential  candidates  and  then  generalizing  to  obtain  cost  and 
schedule  savings  for  all  remaining  potential  standards. 

As  a  representative  sampling,  the  following  candidate 
standards  (from  Table  5-31)  were  selected  for  quantitative  treatment  in 
the  context  of  an  economic  analysis: 

Group  I  -  Total  Plant  Standards: 

-  26,000  SHP  Steam  Turbine  Propulsion  Plant 

-  14,000  SHP  Medium-Speed  Diesel  Propulsion  Plant 

Group  II  -  Module  Standards 

-  Fuel  Oil  Service  System  Module 

-  Main  Feed  Pump  Module 

-  Diesel  Accessory  Rack  Module 
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POTENTIAL  CANDIDATES  FOR  STANDARDS 


FROM  SUBTASK  -  2 


GROUP  -  TOTAL  PLANT  STANDARDS 

GROUP  II  -  MODULE  STANDARDS 

Steam  Turbine  Propulsion ' Plants 

Main  Condensate  Pump 

15,000-17,500  SHP 

Main  Feed  Pump 

24,000  -  26,000  SHP 

Fuel  Oil  Service  System 

28,500  -  32,000  SHP 

High  Pressure  Feed  Heater 

36,000  -  40,00  SHP 

power  Unit 

43,  000  -4  5  ,  000  SHP 

Lube  Oil  Purifier 

5o,  000  +  SHP 

Lube  Oil  Service  System 

Low  Pressure  Feed  Heater 

Diesel  Propulsion  Plants 

Diesel  Accessory  Rack 

7,000  SHP 

14,000  SHP 

Diesel  Air  Starting  Package 

28,ooo  SHP 

GROUP  IV  -  INDIVIDUAL  EQUIPMENT/ 

COMPONENT  STANDARDS 

GROUP  Ill  -  ENVELOPE  STANDARDS 

Main  Boiler 

Main  Boiler 

Main  Turbine 

Main  Turbine 

Main  Diesel  Engine 

Main  Diesel  Engine 

Main  Condenser 

Main  Condenser 

Main  Reduction  Gear 

Main  Reduction  Gear 

Main  Feed  Pump 

Main  Feed  Pump 

Main  Condensate  Pump 

Main  Condensate  Pump 

Lube  Oil  Service  Pump 

Main  Circulating  Pump 

First  Stage  Feed  Heater 

Lube  Oil  Purifier 

Boiler  Controls 

Lube  Oil  Service  Pump 

Engine  Controls 

Fuel  Oil  Service  Pump 

Forced  Draft  Fan 

Deaerating  Feed  Heater 

Deaerating  Feed  Heater 

Low  Pressure  Feed  Heater 

Fuel  Oil  Service  Pump 

Fuel  Oil  Heater 

Lube  Oil  Purifier 

Bridge  Controls 

Fuel  Oil  Purifier 

Engine  Room  Controls 

Lube  Oil  Heater 

Air  Preheater 

Lube  Oil.  Cooler 

Economizer 

Fuel  Oil  Heater 

Air  Ejector 

Air  Ejector 

Exhaust  Gas  Boiler 

Air  Preheater 

Thrust  Bearing 

Fresh  Water  Cooler 

Red.  Gear  L.O.  Booster  Pump 

TABLE  5-31 
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Group  I  I  1  -  Envelope  Standards 

-  Main  Boiler  Envelope 

-  Lube  Oil  Purifier  Envelope 

-  Main  Feed  Pump  Envelope 

Group  |v-  Individual  Component/Equ  ipment  Standards 

-  Main  Condensate  Pump 

-  Starting  Air  Compressor 

-  Main  Boiler 

Each  candidate  standard  in  each  group  was  then  economically 
analyzed  and  savings  to  be  expected  by  the  adoption  of  the  subject  standard 
as  compared  to  the  existing  non-standard  approach  was  estimated. 

Table  5-32  summarizes  the  results  of  economic  analyses. 
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TABLE  5 


TABLE  5  -  32:  ANALYSIS  OF  SAVINGS 


GROUP 

OF 

STANDARD 


TOTAL 

PLANT 


II 

MODULE 


M  INDIVID'L  I 
EQUIPMENT  | 


TYPE 

OF 

STANDARD 


SOFTWARE 


SOFTWARE 


SOFTWARE 


LABOR  + 
YARD  MAT'L 
COST* 

$  © 


COMPONENT 


PROCUREMENT 


HARDWARE 


NAME  OF 
CANDIDATE 
STANDARD 


26,000  SHP  STEAM  23^,900 

IMOO  SHP  DIESEL  166,500 


F.O.  SERVICE  SYST. 
MAIN  FEED  PUMP 
DIESEL  ACCES.  RACK 


MAIN  BOILER 
L.O.  PURIFIER 
MAIN  FEED  PUMP  I  13,700 


MAIN  COND.  p 
ST.  AIR  COMP 
MAIN  BOILER 


MAIN  COND.  P 
ST.  AIR  COMP 
MAIN  BOILER 


49,000 

11,000 

13,700 


TOTAL  _  SAV  NGS  _ 

COST  NET  %  %  j  %  OF 

TOTAL  OF  YARD  OF  TOTAL  iMACH'Y 
$  ©  $  ©  COST  ©  COST  {|)jACQ.  COST® 


258,1*00  87,81*0 

183,200  56,31*0 


690,000 

20,000 

1*6,700 


21,0 

2l»,8 

682,0 


21,0 

2l*,8 

682,0 


21,0 

2l*,8 

682,0 


33.8  |  30.8 


63.3 

56.8 

67.1* 


39.1*  11.5  I 

t 


IB 

Note  © 

1.30 

Note  (8) 

0.26 

0.17 

0.73 

•Note  (© 

0.25 

0.07 

0.08 

Note  (|o, 

1 

0.02 

0.02 

0.05 

Note  vj_1 

Notes  for  Table  5-32 


1.  Under  this  column,,  the  costs  of  accomplishing  the  specified  work" 
in  the  shipyard  in  connection  with  the  Candidate  equipment  or  services 
are  listed.  The  costs  for  each  group  are  estimated  in  different  ways, 
and  each  is  explained  in  Notes  7,  8,  9.  10  and  11  below.  These  represent 
the  costs  for  existing  approach. 

2.  Total  cost  is  defined  as  the  shipyard  cost  as  listed  in  Column  1.  plus 
the  purchase  price  of  the  equipment  (s)  that  may  go  into  the  Standard.  These 
are  also  existing  costs. 

3.  Net  total  savings  are  taken  directly  from  analysis  results  of 
Tables  5-15,  5-20,  and  5-25. 

4.  Savings  as  a  percentage  of  yard  cost  is  obtained  simply  by  dividing 
numbers  in  column  3  by  numbers  in  column  1. 

5.  The  numbers  under  this  column  denote  the  savings  attainable  through 
the  utilization  of  a  candidate  standard  as  a  percentage  of  the  total  cost 
for  the  existing  approach  for  the  same  quantity  of  equipment  and/or 
components . 

6.  The  numbers  in  this  column  indicate  for  each  candidate  standard  the 
expected  savings  as  a  percentage  of  the  total  machinery  acquisition  cost. 
The  acquisition  costs  for  the  26,000  SHP  steam  and  14,000  SHP  diesel  plants 
are  taken  directly  as  calculated  from  section  5.7.1,  and  the  percentage 
values  are  obtained  by  dividing  column  3  by  the  acquisition  cost  for  the 
propulsion  plant  into  which  the  candidate  standard  in  question  belongs. 

For  the  diesel  accessory  rack  and  starting  air  compressor,  the  diesel  plant 
acquisition  cost  is  used  and  for  all  other  standards,  the  steam  plant 
acquisition  cost  is  taken  as  a  basis. 


7.  The  total  cost  for  Group  I  candidate  standards  is  obtained  by  adding 
approximately  10%  allowance-for  indirect  labor  and  material  to  the  cost 
estimated  in  the  analysis. 

8.  The  total  cost  for  modules  are  calculated  separately  by  using  source 
data  for  "individual  components,  when  available,  and  by  contacting  some 
Manufacturers . 

9.  The  total  costs  for  envelopes  are  calculated  separately  by  using 
available  source  data  (Shipyard  Source) . 

10.  The  total  costs  for  hardware  standards  are  obtained  by  adding  purchase 
cost  of  the  eguipment  in  guestion  to  the  "labor  +  yard  material"  cost 


estimated  in  column  1. 


5.9.2  Analysis  of  Results 


In  Table  5-32,  the  savings  are  tabulated  in  four  different 

ways : 

a.  Under  the  column  "Net  Total  $",  the  savings  are  reported,  as 
the  heading  implies,  in  terms  of  net  dollars  to  be  gained  when  the  standard 
in  question  is  implemented  and  utilized.  It  is  evident  that  greatest 
dollar  savings  are  possible  by  utilizing  the  following  standards: 


1.  total  Steam  Plant  Standard  $87,840 

2.  Total  Diesel  Plant  Standard  $56, 34o 

3.  Diesel  Accessory  Module  $31,  607 

4.  Main  Boiler  Hardware  Standard  $18,570 

5.  F.O.  System  Module  Standard  $17,470 

6.  Main  Boiler  Envelope  $17,124 

7.  Main  Feed  Pump  Module  $11,  7  5  7 

8.  Main  Boiler  Procurement  Standard  $6,300 

9.  Main  Feed  Pump  Envelope  $5,394 

10.  Main  Condensate  Pump  Hardware  $  4  ,  8  4  2 

Standard 

11.  Starting  Air  Compressor  Hardware  $4,698 
Standard 
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b.  Under  the  column  "%  of  Yard  Cost,"  the  savings  are  reported 
as  a  percentage  of  the  shipyard  expenses  in  connection  with  the  subject 
equipment  exclusive  of  its  purchase  cost.  The  candidates  showing  greatest 


promise  of  savings  in  this  sense  are: 

1.  Diesel  Accessory  Module  Standard  67.4% 

2.  F.O.  Service  System  Module  63.3% 

3.  Mai  n  Condensate  Pump  Hardware  62.  II 

Standard 

4.  Starting  Air  Compressor  Hardware  60.  2% 

Standard 

5.  Main  Feed  Pump  Module  Standard  56.  81 

6.  Main  Boiler  Hardware  Standard  43.  7| 

7.  1.0.  Purifier  Envelope  Standard  40.  61 

8.  Mai  n  Feed  Pump  Envelope  Standard  39.  41 

9.  Total  Steam  Plant  Standard  37.4% 

10.  Main  Boiler  Envelope  Standard  34.  91 

11.  Total  Diesel  Plant  Standard  33.  81 


c.  Under  the  column  "%  of  total  cost,"  the  savings  are  reported 
as  a  percentage  of  the  total  rests  relating  to  the  subject  equipment, 
including  its  purchase  cost.  The  order  of  savings  for  this  case  is  as 


follows : 

1.  Total  Steam  Plant  Standard  34.0% 

2.  Total  Diesel  Plant  Standard  30.  81 

3.  Main  Condensate  Pump  Hardware  23.  II 

Standard 

4.  L.O,  Purifier  Envelope  Standard  22.62 

5.  Diesel  Accessory  Rack  Module  21.  81 

Standard 
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6.  Starting  Air  Compressor  Hardware  18.9% 

Standard 

7.  F.O.  Service  System  Module  Standard  17.5% 

8.  Main  Feed  Pump  Envelope  Standard  11.5% 

9.  Main  Feed  Pump  Module  Standard  10.%% 

10.  Main  Condensate  Pump  Procurement  101% 

Standard 

11.  Starting  Air  Compressor  Procurement  8.0% 

Standard 


d.  It  is  also  possible  to  investigate  what  the  savings  are  as  a  , 
percentage  of  the  total  machinery  acguisition  cost  of  a  ship's  propulsion 
plant.  The  next  column  lists  these  percentages,  and  the  order  of  savings 


is  as  shown  below: 

1.  Total  Diesel  Plant  Standard  1.30% 

2.  Total  Steam  Plant  Standard  1.  29% 

3.  Diesel  Accessory  Module  Standard  0.73% 

4.  Main  Boiler  Hardware  Standard  0.27% 

5.  F.O.  Service  System  Module  Standard  0.  26% 

6.  Main  Boiler  Envelope  Standard  0.25% 

7.  Main  Feed  Pump  Module  Standard  o.  17% 

8.  Starting  Air  Compressor  Hardware  0.11% 

Standard 

9.  Main  Boiler  Procurement  Standard  0.09% 

10.  Main  Feed  Pump  Envelope  Standard  0.08% 


11.  Main  Condensate  Pump  Hardware  Standard  0.  07% 
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It  must  be  pointed-out  here,  that  all  of  the  above  classifications 
are  based  on  the  net  dollar  savings  estimated  for  each  candidate  standard 
as  a  result  of  the  analyses  performed <  and  therefore  the  magnitudes  and 
priorities  they  indicate  are  accordingly  dependent  upon  the  accuracy  of 
and  the  justification  for  the  assumptions  and  criteria  established  during 
the  analyses.  As  discussed  earlier,  however,  in  sections  5. 3. 1.3., 

5. 4. 1.3,  5. 5. 1.3  and  5. 6. 1.3,  the  trend  towards  savings  due  to  utilizat 
of  standards  is  definite.  And  it  is  possible  to  study  these  trends  and 
arrive  at  the  comparative  benefits  of  any  one_group  of  standards  over  the 
others . 

Again  in  connection  with  the  estimated  or  predicted  savings, 
the  following  should  be  remembered: 

a)  The  savings  are  calculated  on  the  basis  of  a  direct  labor  rate 
of  9  %/hr  for  engineering  manhours  and  6  $/hr  for  yard  labor  manhours, 
including  fringe  benefits  but  excluding  overhead.  The  actual  savings  will 
be  greater  than  reported  in  proportion  to  the  prevalent  overhead  rate. 

b)  Additional  savings  may  be  attainable  by  using  lower  level 
standards  in  a  higher  level  standard  —  for  example, .by  using  two  main 
feed  pump  hardware  standards  in  a  standard  main  feed  pump  module. 

c)  Additional  savings  will  be  attainable  due  to  putting  into 

a  new  use  the  resources  freed  through  the  utilization  of  standards  (latent 
savings) . 

d)  The  savings  as  reported  here  do  not  reflect  the  influence  of 
the  cost  of  developing  and  instituting  the  Standards.  The  net  advantage 
of  the  standards  program  may  be  reduced  when  this  factor  is  taken  into 


account . 


e)  All  savings  are  reported  in  terms  of  1974  dollars.  No  escalation 
is  applied  past  July  1974. 

f)  The  savings  as  reported  include  effects  of  'recurring  as  well 
as  non-recurring  costs. 

5.9.3  Conclusions 

The  savings  for  total  plant  Standards  occupy  the  first  and 
second  places  in  the  priority  classifications  on  the  basis  of  net  dollar 
savings,  percentage  total  cost,  and  percentage  acquisition  costs.  The  net 
dollar  savings  of  $87, 84o,  percentage  total  savings  of  34%  and  percentage 
acquisition  cost  savings  of  1.29%  for  the  total  steam  plant  are  the  highest 
savings  obtainable  among  all  candidates.  The  savings  for  total  diesel  plant 
are  also  high  for  the  three  different  classifications.  The  reason  for  the 
low  priority  obtained  with  the  total  plant  standards  when  classified  on  the 
basis  of  percentage  yard  cost  is  that  the  total  plant  standard  basically 
covers  the  design  efforts,  and  as  such  no  important  purchase  costs  are 
involved. 

It  is  evident  that,  even  within  the  limited  extent  of  total 
plant  standards  as  used  in  this  analysis,  the  savings  are  tangible.  When 
and  if  a  more  extensive  total  plant  standard,  including  a  greater  portion 
of  detail  design  and  possibly  all  of  contract  design,  is  adopted  and 
implemented,  then  the  savings  wiil  be  much  greater.  In  the  course  of 
preliminary  work  for  this  subtask,  MRGS  had  studied  this  possibility  and 
found  out  that  the  savings  for  the  total  steam  plant  might  be  in  the  order 
of  $160,000,  and  this  might  correspond  to  a  scheduling  time  savings  of 
approximately  13  months;  corresponding  savings  for  the  total  diesel  plant 
is  in  the  vicinity  of  $115,000,  and  12.5  months  of  scheduling  time. 


Effectively,  these  standards  would  rank  highest  in  cost  effectiveness, 
and  it  is  recommended  that  they  be  further  investigated  for  utilization 
in  the  implementation  of  the  standards  program. 

In  terms  of  net  dollar  savings  and  also  in  terms  of  savings 
as  a  percentage  of  yard  costs  and  acquisition  costs,  module  standards  and 
hardware  standards  offer  very  good  possibilities.  The  diesel  accessory 
rack  module  standard  promises  a  net  savings  of  $31,607,  and  the  Fuel  Oil 
Service  System  Module  Standard  promises  $17,470.  These  correspond, 
respectively,  to  67.4%  and  63.3%  of  the  yard  costs  for  the  subject 
equipment/components.  The  savings  reported  for  Modules  in  Table  5-32 
are  those  attainable  with  Alternative  1  Standard  approach.  This  is  to 
say  that  the  shipyards  would  buy  a  Vendor-assembled  standard  module  and 
simply  install  it  on  board.  The  respective  savings  for  Alternative  2 
standards  approach,  which  calls  for  the  standard  modules  to  be  assembled 
by  the  shipyard,  would  be  $20,804  and  $12,835  in  net  dollar  values,  and 
44.4%  afid  46.5%  in  percentage  of  yard  costs. 

It  is  evident  from  the  four  different  priority  classif icatior 
that  the  module  standards  always  enter  the  "best  savings"  listing.  The 
three  module  standards  that  were  economically  analyzed,  occupy  3rd,  5th 
and  7th  places  in  the  "net  dollar  savings";  1st,  2nd  and  5th  places  in  the 
percentage  of  yard  cost  savings;  5th,  7th  and  9th  places  in  the  'percentage 
of  total  cost"  savings;  and  3rd,  5th  and  7th  places  in  the  "percentage  of 
acquisition  cost"  savings. 
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These  results  reinforce  greatly  the  qualitative  conclusions 
reached  during  Subtask-2  technical  analysis  efforts  that  modules  are  the 
most  viable  candidates  to  write  standards  for.  It  might  be  well  to  point 
out  at  this  junction  that  the  shipyards,  almost  invariably,  indicated 
a  desire  to  design  their  own  standard  modules  to  suit  the  space  requirements 
in  their  specific  ship  constructions.  However,  it  is  believed  strongly 
that  when  the  "nationally  developed  module  standards"  are  implemented 
and  made  available  to  designers,  shipyards  and  vendors  in  the  early 
stages  of  ship  design  and  construction  efforts,  all  concerned  parties 
will  be  in  a  position  to  specify,  install  and  manufacture  these 
standard  modules  without  any  disadvantageous  space  problems,  but  with 
all  the  ensuing  benefits  in  the  form  of  savings. 

as  pointed  out  above,  the  hardware  standards  also  offer 
very  good  savings  possibilities.  The  three  hardware  standards,  which 
were  economically  analyzed,  occupy  the  following  ranks  in  savings 
classifications . : 

In  Net  Dollar  Savings  =  4th,  10th  and  Ilth 
In  %  Yard  Costs  =  3rd,  4th  and  6th 

In  %  Total  Costs  =  3rd  and  6th 

In  %  Acquisition  Costs=  4th,  8th  and  11th 
The  candidate  which  ranks  4th  in  Net  Savings,  6th  in  %  Yard  costs  and 
4th  in  %  acquisition  costs  is  the  Main  Boiler  Hardware  Standard. 


Even  though  the  Main  Boiler  was  selected  as  a  candidate 
for  economic  analysis  (of  individual  equipment  standards) ,  it  is  a 
well  known  fact  that  the  boiler  manufacturers,  much  like  the  gas  turbine 
manufacturers,  have  already  standardized  their  product  lines  quite 
extensively.  In  this  sense,  it  is  highly  probable  that  very  strong 
resistance  will  be  met  from  Vendors  when  a  different  set  of  hardware 
standards  are  attempted.  It  follows  that,  from  a  practical  standpoint, 
the  main  boiler  should  not  be  selected  as  a  final  candidate  to  write 
hardware  standards  for. 

One  may  argue  that  the  above  reasoning  would  hold  true 
for  other  equipment  such  as  pumps,  heat  exchangers,  compressors  and 
the  like.  And  it  would,  indeed,  in  most  casesl  However,  the  size  and 
complexity  of  these  equipment  are  small  compared  to  the  main  boilers; 
and  the  number  of  qualified  Vendors  for  them  are  many  times  that  for 
boilers.  It  is  therefore  considered  possible  that  the  vendors  of  these 
equipments  may  yield  to  nationally  implemented  standards,  since  by  doing 
so  they  also  will  eventually  experience  savings  in  their  production  costs. 

A  close  study  of  the  results  reported  in  Table  5-32,  and 
also  in  Table  5-25,  shows  that  no  important  savings  should  be  expected 
through  the  use  of  data  standards  and  procurement  standards  for  individual 
equipment.  Even  though  one  particular  procurement  standard  shows  up  in 
the  priority  classification  of  net  dollar  savings  in  the  8th  place  (and 
9th  place  in  %  acquisition  cost  classification) ,  this  happens  to  be  the  one 
for  the  main  boiler  again,  and  is  subject  to  the  same  reasoning  as  for 
the  boiler  hardware  standard.  The  two  other  procurement  standards  which 
appear  in  the  listing  for  percentage  total  cost  savings  are  those  for  the 
main  condensate  pump  and  the  starting  air  compressor.  The  net  savings 


5-121 


for  these  two  are  $2,124  and  $1,980  respectively.  The  meager  savings 
leads  one  into  doubts  as  to  the  justification  of  writing  procurement 
standards  for  these  eguipment.  However,  it  will  be  recalled  from  5.6. 
that  the  underlying  thought,  in  investigating  data  and  procurement 
standards  was  to  provide  a  step-by-step  approach  to  eventual  hardware 
standards.  In  this  context,  the  implementation  of  hardware  standards 
being  desirable,  so  are  the  data  and  procurement  standards.  One  word 
of  caution  may  be  added  here  that  for  large  eguipment  such  as  main 
turbines  and  main  diesel  engines  for  which  manufacturers  already  have 
standardized  product  lines,  the  individual  eguipment  standards  may  not 
be  beneficial  at  this  point  in  time. 

The  envelope  standards  seem  to  offer  the  least  savings 
as  a  group.  The  priority  classification  is  as  follows: 

In  Net  Dollars  Savings  =  6th  and  9th  places 

In  %  Yard  costs  =  7th,  8th  and  10th 

in  %  Total  costs  =  4th  and  8th 

In  %Acgu'i  sition  Costs  =  6th  and  10th  places 

Again,  the  main  arguments  for  envelope  standards,  as 
discussed  in  5.5.1,  should  be  borne  in  mind.  It  will  be  remembered 
that  space  reguirements  were  a  major  factor  in  using  envelopes.  For 
this  reason,  it  was  concluded  that  larger  eguipment  in  congested  areas 
of  engine  rooms  would  probably  not  lend  themselves  to  economically 
feasible  envelope  applications.  The  main  boiler  envelope,  for  example, 
even  though  it  promises  the  6th  ranking  net  dollar  savings,  of  $17,124, 
may  not  be  feasible  since  it  would  reguire  additional  space  in  an  area 
where  space  is  already  at  a  premium.  If  we  exclude  the  main  boiler 
envelope  from  the  priority  listings  for  this  reason,  we  will  be  left 
with  only  the  main  feed  pump  envelope  that  makes  the  priority  list 
with  $5,394  net  savings  and  ranks  9th. 
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The  main  advantage  of  the  envelope  standard,  of  course, 
is  the  interchangeability  of  various  manufacturers'  equipment  without 
interfering  with  their  specific  and  different  designs.  In  this  sense, 
the  smaller  equipment  like  pumps,  purifiers,  heat  exchangers,  control 
consoles,  etc.,  can  be  recommended  for  envelope  standards.  Furthermore, 
when  the  most  of  developing  and  instituting  standards  are  considered, 
the  envelope  standards,  as  far  as  smaller  equipment  are  concerned, "may 
prove  to  be  more  advantageous  than  the  hardware  Standards  since  the 
envelope  standards  would  require  no  changes  in  the  Manufacturers'  product 
lines.  The  manufacturers  would  simply  have  to  add  a  few  connections  and 
bring  these  to  the  interface  points  on  the  surface  of  the  envelope.  In 
addition  to  the  advantage  of  lower  development  costs  for  the  envelope 
standards,  the  resistance  from  the  vendors  against  implementing  these 
standards  would  be  very  small,  if  any,  as  compared  to  their  understandable 
and  already  stated  strong  resistance  against  instituting  hardware  standards. 

In  summarizing  the  findings,  it  can  be  said  that  the  order 
of  priority  for  development  of  national  standards  for  different  groups 
and  types  of  standards  should  be  as  follows: 

1.  Total  Plant  Standards 

(For  Steam  and  Diesel  Plants) 

2.  Module  Standards 

3.  Hardware  Standards 

(Starting  with  data  and  procurement  standards) 

4.  Envelope  Standards 
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The  savings  to  be  expected  when  using  a  total  plant 


standard  is  about  1.3%  of  the  total  plant  acquisition  cost.  When  using 
suitable  Group  II,  III  and  IV  standards  in  addition  to  the  total  plant 
standards,  the  cost  savings  approach  3.8%  of  the  total  plant  acquisition 
cost  for  the  steam  plants  and  5.5%  for  the  diesel  plants. 

These  are  appreciable  savings  to  be  experienced  for  each 
new  contract  for  a  number  of  ships  of  the  same  design  to  be  constructed 
in  any  one  shipyard.  It  is  believed  that  the  savings  'reported  are 
conservative  and  that  the  actual  gains  will  be  greater,  so  that  even 
after  amortizing  the  standards  development  costs,  there  will  still  be 
considerable  savings  to  justify  developing  and  instituting  national 
standards  for  ship's  propulsion  plant  design,  systems,  equipment  and/or 
components . 
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Format  for  Group  I  Standards  - 


APPENDIX  c  .  i  .  i 


Title  -  Standard  Total  Propulsion  Plant 
No.  -  TP-SG-etc. 

1.  Definition :  This  standard  is  a  document  which  contains  the  technical 
information  in  standard  format  which  is  necessary  to  define  and  describe 

a  _  to  _  SHP  steam  turbine  _  feed  heater  propulsion 

plant.  Standards  are  available  for  each  of  the  following  propulsion 
plants . 


15,000  -  17,500  SHP  .(2  Feed  Heaters) 

24,000  -  26,000  SHP  (2  Feed  Heaters) 

28,500  -  32,000  SHP  (4  Feed  Heaters) 

36,000-  40,000  SHP  (4  Feed  Heaters) 

43,000-  45,000  SHP  (4  Feed  Heaters) 

50,000  SHP  (4  Feed  Heaters) 

Standardized  Parameters  (for-Total  Steam  Plant) 

Steam  Conditions  @  Boiler  Superheater  Outlet 
P:  psig 

T:  °F 

I!  or 

Main  Condenser  Vacuum:  _ 

Sea  Water  Temperature:  °F 

°F 

Outside  Air  Temperature: 

Outside  Air  Relative  Humidity:  % 

Machinery  Space  Air  Temperature:  °F 

Machinery  Space  Air  Relative  Humidity:  % 


M. 


ROSENBLATT  &  SON, 


INC  . 


2.  System  Block  Diagrams.  The  total  plant  for  purposes  of  this  Standard 
will  consist  of  the  following  elements: 


2.1  The  Main  Piping  systems  as  pertain  to  this  standard  contain  the 
following  systems: 
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2.1.1  The  steam  systems  segment  of  the  main  piping  systems 
are  further  subdivided  into  the  following  main  and  auxiliary  steam  systems. 


5  TEAM  StST 


I 


I 

MAIU  STEAM 

STEAM 

AUX  EXU  STM 

STM  HCATmC, 

2.2  The  Auxiliary  Systems-contain  the  following  sub-systems  which 
are  required  for  operation  of  the  propulsion  system. 


2.3  The  main  systems  which  are  required  for  propulsion  plants  are 
contained  in  the  following: 
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2.4  The  Supporting  Systems  are  those  systems  which  are  required  for 
accomplishment  of  the  ship's  mission  and  which  interface  with  and  affect 
the  propulsion  system. 


3.  Propulsion  Plant  Block  Diagram 
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4 .  Heat  Balance  Diagrams 

Information  required  is  compatible  with  that  required  for  each  system 
in  paragraph  5,  "System  Diagrams.  "  Heat  Balance  diagrams  are  prepared  for 
the  following  conditions: 

Maximum  Continuous  Service 
Port  Condition 
Operational  Missions 

A  typical  heat  balance  diagram  is  shown  in  figure  "A." 

4 . 1  Required  data  for  heat  balance  diagrams 

Refer  to  SNAME  Technical  &  Research  Bulletin  3-11 
Steam  Conditions  (Press,  Temperature,  Enthalpy,  Flow) 

Water  Conditions  (Press,  Temperature,  Enthalpy,  Flow)  at  inlets 
and  outlets  of  all  equipment  in  the  propulsion  plant  loop 
Condenser  Vacuum 

Ambient  Air  and  Water  Conditions  (Press,  Temperature,  Humidity) 
Boiler  Efficiency 
Boiler  Fuel  Rate 
Turbine  Steam  Rate 

Fuel  Oil  Conditions  (Higher  Heating  Value) 

Auxiliary  Loads 

Distilling  Plant  (Quantity  and  Efficiency) 

Electric  Load 
Heating,  Hot  Water  Loads 
Air  Conditioning  Load 

Equipment  Operating  Conditions  (Working  Pressures,  Relief 


Pressures,  System  Losses,  etc.) 


ROSENBLATT  &  SON  INC. 


Mission  Requirements 

Cargo  Pump  1  (Quantity,  Type,  Pressure,  Temperature) 
Crane  Requirements  (Electric,  Fuel,  etc.  ) 

Tank  Cleaning  Requirements  (Steam,  Electric) 


M.  ROSENBLATT  a  SON, 


INC  . 


5.  Systems  Diagrams 

Generally  systems  diagrams  will  be  prepared  for  the  following  listed 
systems.  Typically,  each  diagram  consists  of  a  one-line  piping  diagram 
showing  the  subject  piping  system  with  symbolic  representations  of  all 
relevant  eguipment ,  valves,  fittings,  flanges,  and  instrumentation. 

Diameters  of  piping  and  sizes  of  fittings,  and  valves  are  indicated  on 
the  diagram.  Included  are  Tables  which  list  materials  and  specifications, 
maximum  allowable  fluid  velocities  ,  and  eguipment  (pump)  types,  sizes 
and  capabilities.  Tables  "A",  "B"  and  "C"  are  typ;cal  of  information 
on  a  piping  diagram.  Typical  piping  diagrams  are  included  for  information 
in  figures  "B"  through"l"  inclusive. 

5.1  Steam  Systems 

Main  Steam  (Figure  B) 

Auxiliary  Steam  (Figure  C) 

Auxiliary  Exhaust  (Figure  D) 

Steam  Heating 


5.2  Condensate  System  (Figure  E) 


ROSENBLATT  &  SON, 


INC  . 


5.3  Feed  System  (Figure  E) 

5.4  Drain  Collecting  System(s)  (Figure  E) 

,  H.P.  drains 
,  L.P.  drains 

5.5  Auxiliary  Systems  -  These  include  all  auxiliaries  reguired 
for  operation  of  the  propulsion  plant. 

,  Fuel  Oil  Service  System  (Figure  F) 

,  Fuel  Oil  Purifier  System 
,  S.W.  Circulating  System  (Figure  G) 

,  Auxiliary  Condenser  &  S.W.  Service  Systems  (Figure  G) 

1  Lubricating  Oil  Service  System(s)  (Figure  H) 

5.6  Main  systems  -  These  include  the  systems  for  major  eguipment 
allied  with  the  main  propulsion  plant  which  is  reguired  for  operation 
of  the  ship. 

Shafting  System 

Dimensional  Diagram 

Material  Reguirements 

Bearing  Type  &  Locations 

Thrust  Bearing  (may  be  with  Red  Gr.) 

Weight  &  Force  Diagram 


M. 


ROSENBLATT  &  SON, 


Inc  . 


,  Reduction  Gear  System 
Type 

Load  Factors 
K  Factors 
Gear  Diagram 
Automation  System 
Type  System 
System  Block  Diagram 
One-Line  Diagram 
Service  Requirements 

5.7  Supporting  Systems  —  These  systems  requirements  are  those  which 
are  required  for  proper  sizing  of  components  In  the  propulsion  plant. 
Electric  Generation 
Hotel  Load 
Auxiliary  Load 
Machinery  Support  Load 
Distilling  Plant 
Required  Load 
Efficiency 

Air  Conditioning,  Ventilation 


Required  Load 


M.  ROSENBLATT  &  SON,  Inc. 

1  Hull  Pumping  Systems 

Bilge  Pumping  Diagram  (FIGURE) 

(Interfaces  with  Propulsion  Systems) 

Ballast  System  Interface  (FIGURE  1) 

Fire  -  fighting  System  Interface 

Cargo  Pumping  Requirements  (if  appl  icabie)  t  j  {  ^ 

Fuel  oil  Transfer  System  ^  ‘  L) 

Lubricating  Oil  Transfer  System  (FIGURE  H) 

6.  A  listing  of  available  standards  for  equipment  components  and  modules 
which  may  be  used  in  the  composition  of  this  standard  propulsion  plant 
is  included  in  Table  D. 
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FIGURE  "H" 


CV8D.DtSCK- 
BELOW  LIGHT 
WATERUNE-* 


fmes  clean 

BALLAST  PUMP 


detail  V 

AmuMSCM  mt  or  boiler 

WASMOOVM  TANK  ISO  CAU 


■WQMgtillW 

,  ‘"~T»-to  ewe  b  clear , 

m-*  bau-wmp  / 


>- AUTOMATIC 
J  (LEVEL  CONTI 
J  bilge  pump 


rWLTBALUSUCT 
V\  t-BILCESUCT 


9  6tt.CE  A  OR.T 

^T-ii  nrrr 


ILK  B.BALLAST  PUMPS 


-STEAMWC  OUT 
CONNECT  IOM 

-SEN.  SERVICE  PUMP 
1  nPUWPAJR  ©UMBER 

1  J  rBfLGE*UCT 

LJ  \  STRAINER 


ISTOPCWCCXVAtVt 


B»LCE 

La  5uctk 


1  WbBjCEONSALL. 
1  SUCTBDtSCM 

'-BiLBE  SUCTION 

•SEE  NOTE  4 

^•MCONOALL- 

SUCTRDtSC* 


_l*-Ort.T 

BALLAST 

SUCTNOISCH 

-BH.CE  MAIN 
MOM  SHAFT1" 
ALLEY 

rw- DRAIN  WELL 


P^dnajnwell 

EHautouatic  (level  coktroixo)  use  pump 


-DISCHARGE  OVERBOARD 
BELOW  UCHT  WATER  UNT 


^BiLCESUC 


BILGE  SUCT  STRAINER 


MACHINERY  SPACE 


-CLEAN  BALLAST 
SUCTION  B  DISCHARGE 
TOA/T  PEAX  TANK 


!  OPfcRAI  INb 
|  CONDITION 

LSuti  f  LOW. 

isallastmic 

“““ 

TOO 

1  TORE  PC  AN  TAM 

lot  BALL  A  ST  me 

TOO 

I  FORE  PC  AX  TAM 

* 

LOWS  AND  VELOCITIES 
TnnSwT" VLL«  MESS  I 
04  cm  FT/SEC  DRQRRSr 


10.  Ballast  rwiPAT  RATED 

_ _  CIMC!l* 

^  Torrr^rrcTrrnr— ' 

10.  BALLAST  AT  MAS. 


TON  MOM 
TANKS  — 


DETAIL  *B" 


TYPICAL  SECTION  THROUGH 
BALLAST  MANIFOLD 


_  pum»  table 

NAME  BP  TtBE  ^^"TABAnTT^^QTArNEAr1 

BH.CCBBALL.  |  2  Vt"TICAL  **"**'*•  1  700  <»■  1  AQ  AS >6  "" 

-EnEfdlBSSgSZES!  Taot,‘  <«>►«<« 

KHW  i  7  VtWTiCAl  cr»rw*.  I  10  4»»  |  >0.«n 

P*mm*lv**\l  MOHU.HOTMT  |  IQ  cm  I 


NOTES 

t.  AU.HWtNC.VM.VESAtlorrmNeSARE'TOMEETTKeRCOUtRrllEKTS 
or  usee  *nd  ms. 

*•  AU.  HWESIZESSHECWIIORRE  MOMNAL.WITNIHSOUTSIOCOUUTETERS. 
5.  VACUUM  SWITCH  STAATS  ONE  HUMHWKCNTHC  VACUUM  DHOHS  TO  ti'H.. 
STARTS  A  St  COHO  HUM  A  WHtM  IT  A  CACHES  12'  H..  AHO  STOHS  THC  HUMHS 
WHtH  THE  VACUUM  RCACHtS  20' H».  THE  SWITCH  CONTAINS  A  HAMUA1. 
OHCAATINC  FEATURE. 

■A.  SHCCTACLt  FLANS!  TO  SC  HOSrTtOMCO  to  ALLOW  OMLV  THC  SCjCC 
SUCTKJH  TO  SI  USED  WHEN  CARAT  IMS  OAT  CARSON  THC  DEER  TANKS 
FORWARD. 


Diagram  of  bSg.,  daan  I 


,  and  pricing  syitMA  Ir  ■■dvn.fy  tpocA 


FIGURE  I 


PLAN  VIEW -PUMP  ROOM 


TYPICAL  DIAGRAMMATIC  ARM  OF  STRIPPING 
SYSTEM  FOR  CARGO  OH-  POMPS 


PUMP  TA8LE 

rnrrm 

type 

vluujujuus 

RttXIZlIZECS 

DKriKI 

■n 

a 

» 

WHITTil 

W 

a 

KS3K3I 

waii 

■»a 

m 

■dlMEEM 

LIST  OF  SYMBOLS 

•ATI  «tl«C 

•TO*  CttfCa  mo VC 

•urtwamn  imt».o*cmtio> 

•y 

iwt*  CwCCc  more 

I 

«U.«’  VALVE 

■J, 

•KVlATIM  VALVE 

C^— 

•I  u.  moutr 

Ei 

ITUMMR 

o 

«ACw«fTa*n* 

DtograiB  of  corpp-oG  piping  in  puMp  I 


FIGURE  J 


auf  a  oiywli  pump 

SUCTION  MANIFOLD— >- 


F,o.  transfer  pump- 
SttNOTtS  _  / 


CEN.SERV.PUWP 
BUCT»  MAMFQLO-q 


-BALLAST  OVERFLOW 
STANDPIPE 


rmt.  o. 

fitmjme 

TANK  P/S 


■ICC  Eft 
OK.TBALU 
nw* 
01BCK-- 


-SAVE  ALL 
TANK 

BOCALS.  : 


-cen.serv. 
pumpoibc h 


^tO  BE  LOCKED 
CLOSED  EXCEPT 

when  filling 


TOPUMPSUCT 


to  a  from 

TANK 


^•REHOTt  OPERATED  P/S 
*f.0.SCTTUNC7ANK 


P.O.  TRANSFER  PUMP  SUCTION 


LF.O.OVBD.AF.O.TRANS. 
PUMP  01 S  CHANCE 


-•*  F.O.  OVERFLOW  STANDPIPE 


OS.7KS.N0.2  RESERVE ftEOWATCB-nw— OB. TKS.NO.I  F.O. OR  S.W.  SALLAIT  — ^ 

MACHINERY  SPACE 

-  -  y*"  SAFETY  FLANGE 

r SSSfEciC  /  10U1CK  RELEASE  TYPE J 

/  OISCMCONNCPAS)  /  coupling  with  BUND 

N  __  ^BALLAST  OVERFLOW  STANDPIPE  FLANGES  PAS 
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VOCMT.SP.A  /  (  A _ _  MAIN  PECK  Vt"TS 
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SKETCH *A" 

TYPICAL  SECTION  THROUGH 
FUEL  oil  TRANSFER  and 
AALLAST  MA  IMF  old. 


ri 
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) 

riVfl 
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^.OVER¬ 

FLOW 

STANOPIPE 
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S£TTlm9, 

TANK 
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ICACE  l  -SAMPLWC 

CALIBRATED!  \conn. 
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-OtSCHANCE 
I  A  FILLING 
I  MAIN 


ii  !  -  Ml  M 'fTTITTrr^^J 

C3imv3VitJC-iil-UUl 


jrVtt  OH. 

{lamas 

*  TANK 

|  STEP- 


iHmai 


-END  OF  TAILPIPE  _ 
LOCATE 0  ABOUT  3* 
ABOVE  TARN  TOP  P  A  S 


WVC«LOC«EO 
WlVl  BMFOlO 


SECTION* OVERFLOW  PIPMG  M  MACHINERY  SPACE 


NOTES 

1.  FLOW  DATA  BASCO  ON  FUEL  ON.  VISCOSITY  3000  SSL 

2.  TOTAL  FLOW  OF  2200  tBLS/MR  TO  ALL  TANKS  INCLUDES 
FLOW  OF  3 BO  RBLS/MR  TO  NO.  I  DOUBLE  BOTTOM  TANK 

3.  THE  FUEL  OIL  TRANSFER  PUMP  IS  A  VERTICAL  TwO- 
SPEEO  PUMP  WHICH  DEVELOPS  A  TOTAL  HEAD  OF 
100  PSI  AT  SOOGPM. 


*  Diipr—  of  fvl  ofl  fU fing,  t>— fw,  62 y  boUoW,  and  amton  in  Rochnwy  spot* 


FIGURE  L 
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Table  D 

Equipment /Component  Standard  Standard  Remarks 

No.  Group 

Main  Steam  Boiler 
Main  Turbine  (Set) 

Main  Condenser 
Reduction  Gear  (Set) 

Main  Lube  Oil  Pump 
Forced  Draft  Fan 
Main  Feed  Pump 
Fuel  Oil  Service  Pump 

Main  Circulating  Pump  I 

Main  Condensate  Pump 

Fuel  Oil  Heater 

Lube  Oil  Cooler 

First-Stage  Feed  Heater 

Gland  Exhauster 

Drain  Cooler 

De-aerating  Feed  Heater 

3rd  Stage  Heater 

4th  Stage  Heater 

Automation  System 
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APF&M&I*  C  -  t  .  Z. 


Sea  Water  Temperature  __  LF 
Outside  Air  Temperature  _____  °F 
Outside  Air  Relative  Humidity  % 

Machinery  Space  Air  Temperature  °F 

Machinery  Space  Air  Relative  Humidity  _ % 

Exhaust  System  maximum  pressure  drop  _  inches  H;0 

inlet  Air  System  maximum  pressure  drop  Inches  H,0 
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M  . 


2 .  System  Block  Diagrams 

The  total  plant  will  consist  of  the  following  elements: 

I 

TOT  PLAUT 


MMW  EUguE 

Ajjy.  SYS 

5V)PT  SYS 

MWVl  SYS 

2.1  The  main  engine  and  piping  systems  contain  the  following  sub-systems 


2.2  The  auxiliary  systems  contain  the  following  sub-systems  which  are 
required  for  operation  of  the  propulsion  systems: 


2.3  The  supporting  systems  are  those  systems  which  are  required  for 
the  accomplishment  of  the  ship's  mission  and  which  interface  with  and 
affect  the  propulsion  system. 

|  SUPT  SYS  l 

_ 1 _ 

P.0,  TRMIS 

ISTKRT  AJR 


l.O.TRAiOS 


L.D. PURIFY 

1  1 
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2.4  The  main  systems  which  are  required  for  propulsion  plants  are 
contained  in  the  following: 

MAIN  SYS. 


3 .  Propulsion  Plant  Arrangement 

The  schematic  arrangement  of  the  main  propulsion  machinery  will  be 
as  shown  in  Figure  M. 

4 .  Systems  Diagrams 

For  the  systems  listed  below,  systems  diagrams  are  included  to  provide 
guidelines  for  developing  the  actual  systems  for  a  vessel.  Typically,  each 
diagram  Consists  of  a  one-line  piping  schematic  showing  the  subject  piping 
system  with  symbolic  representations  of  all  relevant  equipment,  valves, 
fittings,  flanges  and  instrumentation. 

Diameters  of  piping  and  sizes  of  fittings  and  valves  are  indicated  on 
the  diagrams.  Also  included  in  this  group  are  tables  which  list  materials 
and  specifications.  the  maximum  allowable  fluid  velocities, 
and  pump  tables  which  show  pump  types,  sizes  and  capacities. 

Under  each  of  the  systems  shown  below,  those  parameters  are  included 
which  will  be  needed  for  the  preparation  of  systems  diagrams  as  defined 


above . 


DIESEL  SCHEMATIC  ARR6 
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4. 1  Main  Engine 

.  Air  intake  system  (Must  be  integrated  with  specific  ship 

c 

arrangement) 

.  Jacket  Cooling  Water  System  (Figure  0) 

4.2  Auxiliary  Systems 

.  Fuel  Oil  Service  System  (Figured) 

.  Fuel  Oil  Purifying  System 
.  Salt  Water  Circulating  System  (Figure  0) 

.  Lube  Oil  Service  System  (Figure  R) 

.  Exhaust  System  (Figure  n) 

4.3  Support  Systems 

•  .  Fuel  Oil  Transfer  System 
.  Lube  Oil  Transfer  System 
.  Lube  Oil  Purifying 

•  Sy vT? f*\  P) 

4. 4  Main  Systems 

Included  here  are  those  systems  for  major  equipment  allied  with 
the  main  propulsion  plant  and  requried  for  the  operations  of  the  ship. 
4.4.1  Shafting  System 

Dimensional  Diagram 
Material  Requirements 
Bearing  Type  and  Locations 

Thrust  Bearing  Type  and  Location  (May  be  included  in 
Reduction  Gear) 


Weight  and  Force  Diagram 


'  TO  WASTE  HEAT  RECOVERY  SYSTEM 


NOTES 

1  TO  BE  INSTALLED  ON  ENGINE  GAGE  BOARD. 

2  DRAINS  TO  BE  INSTALLED  IN  LOWEST  POINT  IN  JACKET  WATER  AND  SEA  WATER  SYSTEMS. 
USE  GATE  VALVES. 

3  EXPANSION  TANK  SHALL  BE  LOCATED  IN  THE  SAME  COMPARTMENT  WITH  ENGINE. 

A  SEA  WATER  SUPPLY  FOR  GENERATOR  AIR  COOLERS  WITH  THROTTLING  VALVE  TO  BE  PROVIDED 
ONLY  WHEN  REOUIREO. 

5  SEA  WATER  PUMP  SUCTION  PIPING  TO  BE  OF  SUFFICIENT  SIZE,  AND  ARRANGED  TO  LIMIT 
VACUUM  AT  PUMP  SUCTION  TO  6*  HG  AT  RATED  RPM. 

*  i5£KET  ■,V4TER  BY-PASS  ACROSS  BOTH  COOLERS  SHALL  BE  PROVIDED  WHEN  REOUIREO  TO 
OBTAIN  SPECIFIED  OPERATING  TEMPERATURES  E 

7  TANK  FOR  INITIATING  ANO  MAINTAINING  JACKET  WATER  TREATMENT.  CAPACITY  TO  BE 
11/2  GALLONS  FOR  EACH  IOO  GALLONS  IN  ENGINE  SYSTEM.  TO  USE,  CLOSE  VALVE *A* 

TO  TANK  ANO  OPEN  VALVES  "C*B'D"  TO  DRAIN  TANK.  CLOSE ’O'. FILL  TANK  WITH  COR¬ 
RECT  AMOUNT  OF  SOLUTION.  CLOSE  "C",OPEN “A! CIRCULATION  OF  JACKET  WATER  WILL 
FEED  SOLUTION  INTO  SYSTEM.  TEST  SAMPLE  FOR  CORRECT  CONCENTRATION. 


Rg,  O  “Diogrom  of  typical  cooEng  water  system 


NOTE:  Quick  opening  valve  "D"  to  be  opened  only  for  starting  engine. 


Letter 


Name 


Engine 


Air  Motor -on  Eng. 


Lubricator-on  En 


Starting  Valve 


Strainer 


Shut-off  Valve- 3/ 4  IPS 


Relief  Valve  • 


Air  Tank 


Pressure  Gage 


Air  Compressor 


Pressure  Reducing  Valve 


Drain  Cock 


Shut-off  Valve  1-1/2  IPS 


Conn,  to  Eng.  Svs.  1-1/2  IPS 


Fva..g.  —  Oil  Scgyiee  £ys>te»« 
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k.k.2  Reduction  Gear 
Type 

Load  Factors 
K- Factors 


One-Line  Diagram 
Service  Requirements 


5.  Standards  for  Equipment/Components 


A  listing  of  available  standards  for  equipment  and/or  Components  which 
may  be  used  in  the  composition  of  this  standard  propulsion  plant  is  included 
in  Table  £  . 

Standard 

Equipment/Component  Group  Quantity  Remarks 

Main  Diesel  Engine 

Automation  System 

Reduction  Gear 

Starting  Air  Compressor 

Exhaust  Gas  Boiler 

Fresh  Water  Cooler 

Lube  Oi 1  Cooler 

Diesel  Accessory  Rack 

Fuel  Oil  Service  System 

Fuel  Oil  Purifier 

Lube  Oil  Purifier 

Lube  Oil  Service  Pump 

Reduction  Gear  L.O.  Booster  Pump 

Table  E___-  Equipment/Component  Standards 
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APPENDIX  C-2 _ 

Equipment/System  Module  Standard  -  Group  II 
Definition : 

This  standard  is  a  document  which,  contains  the-technical  data  and 
in  formation  required  to  define  and  describe  a  complete  sub-system  or  group  of 
like  equipment  which  is  mounted  together  on  a  common  base.  This  module  has 
defined  and  located  interfaces  and  limiting  size  dimensions  and  weights, 
which  make  the  moduels  (but  not  the  components)  interchangeable  from  all 
sources.  The  equipment  which  is  included  in  the  module  may  or  may  not  be 
standard. 

This  standard  affords  the  benefits  of  standard  equipment  without 
limitations  being  imposed  on  equipment  vendors. 

Standard  Format: 

In  order  to  illustrate  this  standard,  an  example  of  a  fuel  oil 
service  system  module  format  follows: 

Example:  First  Page 

Title:  Description  of  system  or  Equipment  utilization. 

Identification:  Alpha-numerical  standard  identification  with  encoded  type 

and  size. 

Application :  General  data  with  reference  to  the  scope  of  this  standard  as 
to  sizes,  temperatures,  pressures,  and  medium  characteristics. 
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Next  Page(s) 

Performance  Data  Matrix:  Chart  showing  capacity,  pressure,  temperature  and 

viscosity  characteristics  for  each  module. 

• 

Next  Page(s) 

Outline  Drawings (s) :  Drawings  plus  dimension  chart  giving  interface  sizes 

and  locations,  mounting  information  and  overall  size  and  weight  limitations 
for  each  module. 


Next  Page(s) 

Design  Characteristics:  Contains  listing  of  components  required  with 

technical  data  requirements  of  each  component.  Includes  block  and/or  schematic 
diagram  of  system. 

Approvals:  Includes  regulatory  agency  approvals  of  module  designs. 

Equipment  Suppliers:  Includes  the  following  lists  with  approvals  noted 

if  appl icable. 

1.  Module  manufacturers 

2.  Individual  component  manufacturers 

Other  Documents:  Reference  to  other  standars  and  specifications  which  are 


appl icable. 
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APP^^x  C»  3 

Equipment  Envelopes  Standard  -  Group  111 

■» 

Def i n i t ion; 

This  standard  is  a  'document  which  contains  the  technical  data  and 
information  in  standard  format  which  is  required  to  define  and  describe  the 
interface  characteristics  of  equipment  so  that  separate  vendors  equipment 
of  1  ike  characteristics  may  be  used  interchangeably.  The  envelope  standard 
concept  limits  overall  size  and  weight  of  the  envelope  and  determines 
interface  and  installation  requirement  sizes  and  locations  for  that  particular 
equipment  independent  of  vendor  source.  These  data  will  be  such  that  all 
eligible  vendors  will  be  able  to  meet  the  requirements  of  the  standard  by 
using  a  sub-base  and  adding  interconnections  between  the  equipment  and  the 
interface  locations. 

Standard  Format: 

An  example. of  a  format  which  may  be  utilized  for  this  equipment 
envelope  s tandard.  fol lows .  More  than  one  format  may  be  needed  to  satisfy 
the  requirements  of  the  many  different  types  of  equipment  which  fall  into 
this  category.  The  example  depicts  that  for  a  Condenser  Circulating  Pump. 
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Example:  First  Page 

Title:  Description  of  equipment  utilization.  , 

Identification:  Alpha-numerical  standard  identification  with  encoded  type 

and  size. 

Application :  General  data  with  reference  to  the  scope  of  this  standard  as 

to  sizes,  temperatures,  pressures,  and  medium  characteristics. 

Next  Page(s) 

Performance  Data  Matrix:  Chart  showing  capacity,  pressure,  temperature, 

and  viscosity  characteristics  for  each  envelope  size. 

Pump  Selection  Charts:  Capacity,  Total  Dynamic  Head  and  Horsepower  and 

model  number  of  the  vendor's  available  pumps  for  this  service. 

Next  Page(s) 

Pump  Characteristic  curves:  for  each  model  listed  containing  curves  of 
Capacity  versus  Head,  Horsepower,  and  Suction  pressure 

Next  Page(s) 

Outline  drawings:  with  key  dimensions  of  each  model.  Included  are  all 

interface  dimensions,  overall  sizes,  weights  and  bolting  information  for 
each  module  size. 

Approvals:  Includes  regulatory  agency  approvals  of  module  designs. 


___  ■■  — -  -  -  —  — -  -  - 
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Equipment  Suppliers:  Includes  the  following  lists  with  approvals  noted  if 

appl icable. 

1.  Envelope  manufacturers 

t 

2.  Individual  component  manufacturers 

Other  Documents:  Reference  to  other  standards  and  specifications  which  are 


appl i cable. 
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Data  Standard  Group  IV 

Def  ini  tion:  This  standard  is  a  "“document  which  contains  technical  information 
in  standard  format  which  pertains  to  vendor  equipment  required  for  propulsion 
machinery.  The  technical  information  included  is  that  which  is  necessary 
for  ship  designers  to  perform  propulsion  plant  designs  at  any  level 
(preliminary  design,  contract  design  or  detail  design)  without  requiring 
additional  information  from  vendors  such  as  contract  drawing  and  specification 
approval . 

Standard  Format:  One  standard  format  will  be  utilized  for  all  like  equipment. 
One  example  of  a  format  which  applies  to  pumps  follows: 

EXAMPLE:  First  Page  * 

Title:  Describes  pump  service  and  type  of  pump 

Performance  Chart:  A  matrix  of  comparative  performance  data  of  the  available 
pumps  by  vendor  which  satisfy  the  service  requirements.  Information  included 
in  the  chart  is  Standard  identification  number.  Vendor  Identity,  Type  of 
casing,  capacity  range,  pressure  range,  required  services,  driving  means, 
and  a  reference  page  number  within  the  standard  which  contains  the  remaining 


data. 
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Referenced  Page 

Vendor  Identity,  Address;  and  phone  numbers: 

Also  included  are  contacts  for  standard  data  maintenance. 

Standard  Identification  Number: 

Specifications  and  Other  Standards:  which  these  pumps  comply  with 

Next  Page(s) 

Pump  Selection  Charts: 

Capacity,  Total  Dynamic  Head  and  Horsepower  and  model  number  of 
the  vendor's  available  pumps  for  this  service, 

Next  Page(s) 

Pump  Characteristic  curves:  for  each  model!  listed  containing  curves  of 
Capacity  versus  Head,  Horsepower,  and  Suction  pressure 

Next  Page(s) 

Outline  drawings:  with  key  dimensions  of  each  model.  Included  are  all 
interface  dimensions,  overall  sizes,  weights  and  bolting  information. 

Next  Page 

Operating  Data:  Includes  such  items  as  temperature  and  pressure  limitations 
of  casings,  bearings  and  seals 

Materials:  This  contains  a  listing  of  the  major  components  materials 

utilized  in  each  model  as  required  for  compatibility  with  the  intended 
utilization. 

Approvals:  Regulatory  Agency  approvals,  if  applicable  to  the  particular 


hardware. 
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Next  Page 

Design  Features  and  Spec? f icattons :  This  section  contains  general 
information  regarding  the  design  of  the  pump  components  which  might  be 
required  by  a  ship  designer.  Included  are  items  such  as  Casing  description. 
Impeller  data,  maintenance  features  of  bearings  and  seals,  lubrication  and 
alignment  requirements,  etc.,  and  any  special  features  which  arc  desired. 


'  "  -  -  -  -  -  -  D»i t a  Standard 
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S.U.  CIRCULATING  PUMPS 


Centrifugal  Split  Casing  Types 
Horizontal  and  Vertical 


MANUFACTURER  CAPACITY  PRESSURE  ELECTRIC  STANDARD  PAGE 
GPM  FT  H20  LOAD  NO.  NO. 


Worthington  0-6000  0-300  1  £-250  HP.  TP-3C-W1  2 


Wei  1 

0-5000 

0-^00 

1-300  HP 

TP-3C-W2 

15 

Goulds 

0-5500 

0-550 

•» 

1-350  HP 

t 

TP-3C-G 

Aurora 

0-6000 

0-350 

1-250  HP 

TP-3C-A 

1 
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bn  to  Standard 


Worthington  Sales  Company 

270  Sheffield  Street 

Mountain  side,  New  Jersey  07092 

Tele.  (201)  654-3300 

Technical  Contact:  Mr.  Kenneth  C.  Hill,  Engineer 

Marine  &  Government  Department 

Standard  Identification  No.  TP-3C-WI 

Applicable  Standards: 

pump  Standard  P-3C-WI-43  through  P-3C-WI-57 
Total  Package  Standard  TP-2C-18  through  TP-2C-36 

Applicable  Specifications: 

Material  specs  _ 

Screw  Threads 


2 
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types  LFJ,  fe6=$5 
dimensions 
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ype  LRV 

dimensions 
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PUMP  DIMENSIONS 


LRV 

pump 

suet. 

rfisch. 

D 

X 

Y 

CP 

HA 

HO 

s 

z 

wr 

3  LRV-9 

4 

3 

10% 

7% 

9 
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18 

13 

5% 

5% 
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3 

nvv 
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5% 
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7% 

585 

4  LRV- 14 

6 

4 

13 

12 

12% 

30% 

18 

13% 

6% 

7% 

570 

5  LRV-10 

6 

5 

13 

9% 

13 

27% 

18 

13% 

6% 

7 

545 

5  LRV- 13 

6 

5 

13 

10% 

13 

30% 

18 

13% 

6% 

7% 

610 

5  LRV- 15 

6 

5 

13 

13 

13% 

34% 

20 

15% 

6% 

7% 

780 

6  LRV-10 

8 

6 

15V 4 

10 

14 

29 

18 

13% 

7% 

7% 

GOO 

6  LRV- 13 

8 

6 

15% 

11 

14 

34% 

20 

15% 

7% 

9 

790 

6  LRV- 16 

8 

6 

15% 

14 

15 

34% 

20 

15% 

7% 

8% 

900 

8  LRV-13 

10 

8 

IS  . 

11% 

17 

35% 

20 

16 

olt 

10 

1065 

10  LRV- 15 

12 

10 

31 

14 

18 

39 

25 

18% 

10% 

10% 

1510 

MOTOR  DATA 


Motor 

Frj»m« 

CM 

L 

WT 

213  TP 

20% 

10% 

165 

215  TP 

20% 

10% 

180 

254  TP 

24  % 

13 

205 

256  TP 

24% 

13 

270 

234  TP 

25% 

13 

330 

286  TP 

25% 

13 

355 

324  TP 

27' i 

14% 

400 

326  TP 

27% 

14% 

450 

364  TP 

29% 

16% 

520 

365  TP 

29% 

16% 

580 

404  TP 

38% 

18' 2 

890 

405  TP 

3S% 

18% 

990 

444  TP 

44% 

20% 

1180 

445  TP 

44% 

20% 

1330 

All  dimeniioni  ore  in  inchn  - 
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OPERATING  DATA 


MAXIMUM  SUCTION  PRESSURES  TEMPERATURE  RATINGS 

2-1/2"  LR  75  psi  STANDARD  MECHANICAL  SEALS  212*F 

3"  to  10"  LR,  LRV  150  psi  *  STANDARD  PACKED  STUFFING  DOX  250*F 

(SEAl^  AND  PACKING  AVAILABLE  FOR  HIGHER 
'  TEMPERATURES) 

materials  of  construction 


PART 

STANDARD 

fCTUO 

PUMP 

Atl 

IRON 

PUMP 

All 

BRONZE 

PUMPS 

f.*  AT  TRIALS 

MATERIALS 

MAURI  AIS 

Casing 

Cast  Iron 

Cast  Iron 

Bronze 

Bearing  Bracket 

Cast  Iron 

Cast  Iron 

Cast  Iron 

Bearing  Cover 

Cast  Iron 

Cast  Iron 

Cast  Iron 

Impeller 

Bronze 

Cast  iron 

Bronze 

Casing  Ring 

Bronze 

Cast  Iron 

Bronze 

Shall 

11?;  Chrome 
Steel 

11?;  Chrome 
Steel 

Monel 

Impeller  Rut 

Bronze 

Steel 

8ionze 

Slutting  Box 
Bushing 

Bronze 

Steel 

Bronze 

Gland 

Cast  Iron 

Cast  Iron 

Bronze 

Seal  Cages 

Teflon’ 

Tellon 

letlon 

Type  LR,  single  stage,  single  suction 
size  2Vi " 


PART 

STANDARD 

PITTED 

PUMP 

All 

IRON 

PUMP 

All 

BRONZE 

PUMPS 

MAitmais 

KAUFIAIS 

MATCSIAIS 

Casing 

Cast  Iren 

Cast  Iron 

Bionze 

Bcaimg  Bracket 

Cast  iron 

Cast  Iron 

Cast  Iron 

Bearing  Cover 

Cast  Iron 

Cast  Iron 

Cast  Iron 

Impeller 

Bronze 

Cast  Iron 

Bronze 

Casing  Ring 

Cast  Iron 

Bronze 

'  Shait  Sleeve 

Bronze 

Steel 

Bronze 

Shalt 

Steel 

Steel 

Steel 

.  Shalt  Hut 

Bionze 

Steel 

Bronze 

Slutting  Box 
Bushing 

Bionze 

Steel 

Bronze  • 

Gland 

Cast  Iron 

Cast  iron 

Bronze 

Seal  Cage 

letlon 

Telion 

Tellon^ 

Type  LR,  single  stage,  double  suction 
size  3”  to  10" 


PART 

STANDARD 

riiup 

tump 

All 

1P0M 
|  PUMP 

»u 

e»oi;zE 

PUMPS 

MATERIALS 

!  MATERIALS 

MATERIALS 

Casing 

Cast  Iron 

Cast  Iron 

Bronze 

Bearing  Biacket 

Cast  Iron 

Cast  Iron 

Casl  Iron 

Bearing  Cover 

Cast  Iron 

Cast  lion 

Cast  Iron 

Impeller 

Bronze 

Cast  Iron 

Bronze 

Casing  R.ng 

Bronze 

Cast  Iron 

Bronze 

Shalt  Sleeve 

Bionze 

Steel 

Bronze 

Shall 

Steel 

Steel 

Steel- 

Shalt  Nut 

Bionze 

Steel 

Bronze 

Slutting  Box 
‘  .  Bushing 

Bronze 

Steel 

Bronze 

Gland 

Cast  Iron 

Casl  Iron 

Bronze 

Seal  Cage 

Itllon 

Tellon 

Tellon 

Pump  Base 

Casl  Iron 

Casl  Iron 

Cast  Iron 

Motor  Base 

Fab.  Steel 

Fab.  Steel 

Fab.  Steel 

Type  LRV,  single  stage,  double  suction, 
vertically  mounted  sizes  3"  to  10" 


*«“ 


type  LRV«  single  stage,  double  suction 
vertically  mounted,  sizes  3"  to  IQ" 
construction  features 


ratings:  capacities  to  6000  gpm, 
M3fej  heads  to  300  ft. 

services:  general  service, 

in 

°L 

•'  133  ' 

tossry 

L  ■  /-  -l ' "  r 


303.30337  TJ?  *' 


water  supply,  • 
circulating  pumps.Pk/{i 


Rfe, 

sji 

IMM 


r 

.1 : 
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Type  LRV  vertical  pomp  ,  Typical  section,  type  IRV 

■Incorporates  all  of  the  outstanding  features  of  the  LR  pump  plus  the  added  advantage  of  being  used  in  the  space 
saving  vertical  position.  Accurate  motor  alignment  is  achieved  by  precision  machining.'  Fluid  is  blocked  from 
,  the  bottom  bearing  by  a  positive  sealing  device. 


SPECIFICATIONS 

Casing  The  casing  is  of  the  volule  type  and  is  de¬ 
signed  to  produce  a  smooth  flow  with  gradual  velocity 
changes.  It  is  designed  for  vertical  mounting  with 
heavy-duty  flanges  for  base  and  motor  mounting 
brackets.  It  is  split  on  the  shaft  centerline  for  ease 
of  Inspection  or  removal  of  interior  parts.  This  may 
be  done  without  disturbing  piping  connection  or  pump 
alignment.  The  casing  halves  are  scaled  by  a  pre-cut 
gasket.  Casing  halves  are  accurately  located  by  the 
use  of  straight  dowel  pins.  This  eliminates  the  pos  - 
sibility  of  a  mismatch  between  halves  which  would 
impair  both  hydraulic  and  mechanical  performance. 

Impeller  The  impeller  is  a  double-suction  enclosed 
type.  It  is  hydraulically  balanced  by  its  inherent  de¬ 
sign.  The  impeller  is  firmly  secured  to  the  shaft  by 
a  key  and  by  external  shaft  nuts. 

Renewable  case  rings  Renewable  case  rings  are 
locked  in  place  and  protected  against  rotation  by  2 
Model  pins. 

Impeller  rings.  Securely  held  Impeller  rings  can  be 
supplied  as  an  option. 

Stuffing  box  bushing  A  renewable  stuffing  box  bush¬ 
ings  provided  which  insures  freedom  from  packing 
trouble. 

Shaft  sleeve  Renewable  shaft  sleeves  are  provided 
which  extend  through  the  stuffing  box.  They  are 
securely  keyed  and  held  in  place  with  shaft  nuts  in¬ 
corporating  nylon  Inserts  for  locking  purposes. 

Shaft  The  shaft  is  of  heat-treated  steel,  ground  to 
accurate  dimensions  and  polished  to  a  smooth  surface. 


The  shaft  sleeves  protect  the  shaft  at  the  stuffing 
boxes.  The  sleeves  are  secured  in  lateral  position  by 
external  shaft  nuts.  The  impeller  keys  are  extended 
into  the  hub  of  the  shaft  sleeve  to  prevent  slippage 
between  the  shaft  and  the  sleeves.  Scaling  to  protect 
against  leakage  under  the  shaft  sleeve  is  accomplished 
by  the  use  of  "O”  ring  type  seals,  loealed  between  the 
sleeve  and  the  shaft.  It  is  adequately  sized  and  de¬ 
signed  to  minimize  deflection.  The  maximum  run¬ 
out  of  the  shaft,  at  the  stuffing  box  face,  will  not  ex¬ 
ceed  .002”. 

Dearings  The  hearings  are  single-row,  deep-groove 
type  bail  bearings.  They  arc  designed  and  sized  for 
at  least  100,000  hours  minimum  rated  bearing  life. 
Each  bearing  is  capable  of  carrying  both  line  and 
thrust  type  loads.  They  are  securely  held  to  the  shaft 
by  an  easily  installed  snap  ring.  Special  flinger,  shaft 
scaling  o-ring  and  labyrinth  all  protect  lower  bearing 
from  waler  seepage. 

Bearing  Brackets  The  hearing  brackets  are  separate 
from  the  pump  casing  and  are  accurately  machined, 
and  doweled  to  the  casing.  Perfect  alignment  between 
housing  and  casing  results  in  accurate  alignment  be¬ 
tween  rotor  and  casing.  Removal  of  dowels  permits 
removal  of  complete  rotor  assembly  without  disturb¬ 
ing  piping,  base  or  motor. 

Packing  -  mechanical  seals  As  a  standard,  stuffing 
boxes  will  be  packed  with  the  best  quality  graphited 
asbestos  packing.  Die-moulded  packing  is  supplied, 
as  a  standard,  insuring  both  a  perfect  seal  and 
easy  installation.  Mechanical  seals  are  available,  if 
desired,  and  are  easily  interchangeable  with  packing 
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Procurement  Standard  Group  IV 

Definition:  This  standard  is  a  document  which  contains  the  information  in 
standard  format  which  is  required  for  a  shipyard  to  purchase  vendor 
equipment  required  for  Propulsion  machinery.  This  document  contains  both 
the  technical  documentation  and  the  legal  documentation  (Eor  the  purpose 
of  this  study,  only  the  technical  requirements  will  be  considered). 
Standard  For  mat: 

For  information  the  legal  portion  of  this  standard  will  contain 
standard  statements  of  Warranty,  Price  Adjustments,  Terms  of  payments, 
Liability  Limitations,  Loss  Risks,  Shipping,  Delays,  Changes,  Drawing 
Approval  Terms,  Cancellation,  and  Taxes. 

One  standard  technical  format  applicable  to  a  pump  purchase  is 
described  as  follows: 

EXAMPLE:  First  Page 

Title:  Brief  Description  of  item  by  service 

Identification:  Standard  identification  number 

Applicable  Documents:  Reference  to  requirements  such  as  other  standards, 
Regulatory  agency  specifications  and  requirements,  etc. 

Quantity  of  Purchase 


Intended  Service 


M.  ROSENBLATT  de  SON,  Inc. 


Next  Page(s) 

Drawing  Requirements:  Included  are  information  drawings,  approval  drawings 
and  schedule  of  delivery 
Instruction  &  Maintenance  Manuals: 

Physical  Description:  In  chart  form 
Performance  Data:  in  chart  form 
Materials  Data:  List 
Weights 
Spa  res 

Inspection  Requirements:  Includes  at  vendors'  sites  and  at  delivery  point 
requirements 

Outl ine  Drawing:  This  is  an  envelope  or  limit  type  drawing  with  information 
required  for  interface  and  to  limit  the  vendor. 

Performance  Curves:  Includes  capacity  versus  head,  horsepower  and  suction 
Special  Design  Considerations:  Contains  any  special  considerations  with 
which  vendor  must  comply.  Includes  physical  and  chemical  properties  of 
recommended  materials,  special  handling,  heat  treating,  ambient  conditions, 
etc. 

Test  Requirements:  Specifies  tests  which  must  be  performed  by  the  vendor 


such  as  hydrostatic  pressure  tests  and  load  run  tests. 
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standard  :  p-tw-4  S 

AP^licASie  Documewtj  :  *  : 

P um  p  s-t  *.>.^.a.hd  HP-  TW  -  4  &  6  *3 

l  A  *”T  *.  ll  e-"f"  i‘e  K  ^  V  Amt  i"  w  ^  ! 

TERMS  Of  PAYMENT  • 

•••  These  are - standard  terms  of  payment  for  domestic  orders.  H  otlior  terms  rtre  acceptable, 

«  or  when  export  terms  are  required;  they  arc  listed  elsewhere  in  this  proposal.  ’  ■ 

On  all  orders  under  S100.000  nrqnrdloss  of  manufacturing  schedule:  and  those  orders  over  $100,000 
■  with  a  manufacturing  schedule  loss  than  six  (6)  months: 

Net  cash  within  thirty  (30)  days  after  shipment,  or  after  notification  that _ is  ready  -to 

ship.  These  tonus  apply  to  partial  as  well  as  complete  shipments 

On  orders  over  $100,000  with  a  manufacturing  schedule  of  six  (G)  months  or  longer: 

'<  10% — with  Pui  chaser  s  Order,  Letter  of  Intent,  or  written  authorisation,  whichever  bears  the  earliest 

dale. 

80% — in  approximately  equal  payments  every  sixty  (GO)  days,  to  commence  sixty  (GO)  days  alter 
date  of  Purchaser's  outer  and  to  continue  through  the  balance  of  the  proposed  manufactur¬ 
ing  schedule,  excepting  that  the  last  payment  hi  this  gioup  shall  become  duo  upon  shipment 
or  notification  that _ is  ready  to  ship. 

10% — when  shipment  is  made;  or  upon  completion  of  erection  and  test,  but  not  Inter  than  ninety 
(90)  days  alter  shipment  or  notification  that _ is  itmdy  to  ship. 

PRICE  ADJUSTMENT 

f’  The  following  clauses  are  applicable  to  the  extent  they  are  rctoired  to  elsewhere  in  this  proposal.  Se- 
lection  of  price  ndiustmenl  clause  is  based  upon  the  proposed  shipping  dale  lor  the  equipment  ottered.  • 
Any  purchased  material  whose  pucc  will  be  adjusted  to  reflect  the  vendors’  price  in  effect  at  lime  of 
shipment  is  listed  ns  an  exception. 

'  "  '  Clause  9  pr*ccr’  nnniQd  herein  for - __  equipment  will  ho  adjusted  to  the  prices  in  eltocl 

‘  .  ‘  at  the  lime  of  shipment,  such  adjustment,  if  any,  not  to  exceed  10%  ol  the  contract  price.. 

Clause  10  T*ie  pr‘.ces  namot*  herein  for - equipment  arc  not  subject  to  any  change  from  the 

’*.  prices  in  effect  on  the  dale  the  order  is  accepted. 

Clause  11  "^1C  pr'ces  named  herein  for  —  equipment  will  bo  adjusted  to  the  prices  in  cftccl 

ol  the  time  ol  shipment,  such  adjustment,  if  any,  not  to  exceed  15%  of  the  contract  price. 

"  Clause  12  pr'ccs  named  herein  for equipment  will  be  adjusted  to  the  prices  in  oiled. 

*  al  the  lime  of  shipment,  such  adjustment,  if  any,  not  to  exceed  20%  of  Ihe  contract  price. 


tea1 

VSTD. 


1.  Warranty,  Remedy,  Disclaimer 

-  _ will  mills  lor  .1  permit  nt  nw  year  from 

the  dale  of  shipment  tin:  eguipmiMii  n-.vn  man¬ 

ufacture  to  be  delivered  hereunder  aii.unsi  delects 
in  matennl  and  woikiiinnslui),  tinder  normal  use  amt 
service  when  used  and  maintained  in  accordance 

with  instructions  supplied  by _ _  Tins  is 

'»•— ~  _.  — ,  — sole  and  exclusive  warranty.  11  np- 
plies  only  to  nquipmeni  manufnclnicd  by  .. 

* '.  -IS, _ and  specifically  excludes  equipment  manu- 

ifncturcd  by  others  Such  other  equipment  is  war- 
,,' ranted  only  by  its  manulacturcr  II  such  a  delect 


appears  within  turn  yc.u  from  the  date  ol  shipment  T  . 
amt  I’mr.lias.ijt  ti.e.  oivn  . .  mnnmiiale  .  1' 

written  uMici*  -,»l  same.  .  will  rep.itr  llic  •  1  , 

part,  or  a'  nr.  tiplmn  rejilace  Uir*  part,  tiy  r.lnp|iinq  •  \  • 
a  similar  part  F.O  H  shipping  point,  or  at  its  option  '  \ 
tulund  an  etjuitalite  portion  ol  the  purchase  pi  ice.  •  r 

_ _  may  iciihui'  Ihe  return  ol  llic  defective  .{■ 

part,  tianspnrt.ition  prepartl.  to  establish  the  claim.  1 
No  allowance  will  tie  made  lor  repairs  without  •) 

_  ...  .  written  enn-.ent  or  unproval  Any  do-  1  ' 

scriplinns  til  the  l•(|m|)rn<>nt.  any  specifications,  and  •  -T 
any  samples,  models,  bulletins,  or  simitar  material,  'l*  /  ' 
used  in  connection  with  tins  sale  .ire  Inr  tlie  sole  ■ , 


L"  WlhMNoi  .  i  i*.  i;  a1*I  .  %•{  !*  \Jii 

IMPLIED:  ANll  ALL  WARRANTIES  Of  MFTICHANT- 
AGILITY  AND  TIT  NESS  I'OH  A  PARTICULAR  PUG- 
POSE  ARE  IIEREGY  DISCLAIMED  GY  WORTHING¬ 
TON  AWO  EXCLUDED  FROM  THERE  TERMS  OP 
SALE.  Tim  Purchaser  n  r.nln  and  exclusive  remedy, 
•hetlier  based  noon  warranty.  contract  or  tort,  in- 
iding  negligence.  will  bo  lo  proceed  under  this 

,  'rranty.  All  liability  ol _ ' _ shall  terminate 

•  one  yenr  Irom  tho  dnln  of  shipment  nt  ihc  equip¬ 
ment.  All  references  In  one  year  in  lliir.  paragraph 
shall  be  limited  to  thirly  (HO)  days  lor  mounted  tlem- 
olilion  tools  and  parts  nnrl  ninety  (fiQt  days  tor  lurnd 
held  contractor's  tools,  crawler  di ills  and  parts. 

2.  Limitation  of  Liability 

- shall  not  in  any  event  bn  liable  lor 

special,  indirect,  incidental  or  r.onseguontial  dam¬ 
ages.  _ _  liability  on  any  claim  ol  any 

kind,  including  riealigence.  lor  any  loss  or  datnaon 
arising  out  ol.  connected  with,  or  resulting  Irom  this 
contract,  or  the  peifoimanco  or  breach  ihetenf.  or 
Ihn  design,  ninnutacluie.  sale,  delivoiv.  resale,  in* 
slollnlipn.  technical  direction  ol  installation,  inspec¬ 
tion,  fepnir,  operation  nr  use  til  any  eguipmerd 
covered  by  or  lumisbnrl  under  Ibis  contract  shall 
in  no  case  exceed  the  piice  paid  by  the  Purchaser 

for  Ihe  equipment. . . _alr.o  disclaims  all 

liability,  whelhcr  in  contract,  tort,  warranty,  or  other¬ 
wise..  lo  any  party  other  than  Purchaser. 

3.  Shipping  Dulcs 

The  time  lor  shipment  nivon  herein  is  approximate 
and  is  estimated  from  the  dale  o'  receipt  of  order 
■ilh  complete  manufacturing  information  and  ap- 

oval  of  drnwinns  as  may  be  necessary  _ 

_ shall  no!  ho  liable  lor  any  loss  or  damage 

lor  delay  or  non-delivery  duo  lo  the  nets  of  civil  or 
.  military  authority,  acts  ol  the  Purchase*  or  by  rea¬ 
son  ol  'lorc.r:  majeiiro'.  which  shall  bn  deemed  lo 
mean  all  causes  whatsoever  not  reasonably  within 

i  the  control  of  ..  _ _  _  mcluding.  bill  not  iim- 

'.  iled  lo  acts  of  God.  war.  not  01  insurrection,  blnck- 
,  ades.  embargoes,  sabotage,  epidemics,  tires, 
strikes,  lockouts,  or  other  industrial  disturbances, 
delays  of  carriers,  nnrl  inability  to  secure  materials, 
labor  or  manufacturing  lacihlies. 

4.  Paymcnls 

The  prices  specified  are  in  IJ.R  currency,  payable 
..•in  New  York  exchange  tree  til  all  expense  to  ...  . 

.  _ •_  lor  collection  chanies.  I’m  rata  payments 

shall  be  made  lor  partial  shipments  II  delivery  is 
prevented  or  postponed  at  the  Purchase  -.  inquest, 
or  try  reason  ol  any  other  cause  r.rl  loilh  s.|ieoilie- 
ntly  or  by  implication  in  paragraph  3  above,  then  all 
'  dales  Ol  payment  related  In  delivory  shall  relate  in¬ 
stead  lo  Ihe  dale  nl  completion  nl  mamilachuo. 
Loiters  ol  credit  or  other  credit  instruments  estab¬ 
lished  to  provide  payment  tor  the  equipment  speci¬ 
fied  in  tins  proposal  shall  make  provision  lor  pay- 
’ment  ns  5et  lorlli  above  where  delivery  is  piovenied 
or  pontpone.d  under  such  circumstances  Storage 
ol  such  cqinnmenl  will  ho  at  lh<-  Pinchnscr's  ex- 
nse  and  risk.  When  in  the  opinion  ol  . 


5.  Changes  anti  Drawings 

_ reserves  tlw*  right  lo  change  oi  modify 

the  design  and  consti  notion  ol  eguipmerit  and  to 
substitute  oilier  suiiahtn  material.  It  drawings  arc 
furnished,  they  are  submitted  lo  show  general  style 
and  arrangement  ol  the  equipment  offered. 

6.  Cancellation 

Tim  Purchaser  may  cringe1  his  order  only  upon  writ¬ 
ten  notice  and  payment  in  _ ol  reason¬ 

able  cancellation  charges  specified  by 

7.  Suspension 

If  - - - performance  ol  the  work  is  delayed 

lor  a  period  ol  more  than  six  (6)  months  either  by 
reason  ol  the  request  or  acts  ol  the  Purchaser,  acts 
ol  civil  oi  milil. uy  authority,  m  by  reason  ol  "tome 
majftiirn"'.  upon  removal  ol  the  cause  ol  any  such 
deiny  performance  shall  be  resumed,  delivery  will 
he  rescheduled,  anti  lire  purchase  price  shall  bo' 
adjusted  lo  Hint  in  cited  at  the  lime  of  resumption 
of  performance  subject  to  such  price  adjustment 
ciatisc  ns  may  then  be  applicable  or  nobbed  by 

, _  ..  to  Purchaser.  It  Purchaser  is  unwilling 

to  accept  die  adjustment  tuicc  and  projected  de¬ 
livery  date,  lie  may  cancel  his  order  by  oiving  writ¬ 
ten  notice  thereof  to  .  at  any  lime  within 

thirty  (30)  days  alter  lie  has  been  informed  ol 

_  ..  _  adjusted  price  arid  projected  delivery 

date  and  upon  jiavmont  of  reasonable  cancellation 
charges  specified  by _ _ 

8.  Risk  of  Loss,  Security 

The  Purchaser  -shall  bear  alt  risk  ot  loss  ol  or  dam¬ 
age  to  the  equipment  alter  delivery  to  transporta¬ 
tion  facility  at  shipping  jinict.  Purchaser  agrees  that 

_  shall  retain  n  security  interest  in  the 

equipment  only  until  Ihn  purchase  price  has  been 
paid  and  Purchaser  agrees  to  perform  nil  acls 

necessary  tu  period  and  assure _  _ 

security  interest. 

9.  Taxes 

Tlie  Purchaser  shall  pay  to  . in  addition 

to  the  purchase  price,  the  amount  ol  all  Sales.  Use, 
Privilege.  Occupation.  Excise,  or  other  taxes.  Fed¬ 
eral.  stale,  local  n i  foreign  which.  _  may 

be  reguuod  lo  pay  m  connection  with  furnishing 
goods  or  services  hi  U";  Purchaser. 

10.  Frekjlit 

Purchaser  shall  pay  l<>  '  .  in  addition  to 

lh«*  puir.li.i-.c  |*noe.  any  aainnnl  by  which  Iraiir.- 
pnitnliun  chartirs  tnav  tie  mg  leased,  by  reason  ol 
increased  tinnspnit.tlmn  tales,  between  tin;  dales 
Of  tins  proposal  and  I  lie  time  ol  shipment.  ' 

11.  Seller 

For  purjiosos  ol  thin  jirepnsnl.  _  _  ..  shall 

nwjnn  llm  „  .  C.mpur.ilion  Mibr.icJi.iry  which 

delivers  and  invoices  llu*  c'uupwunl. 
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12.  Service  Supervisor  (Murine-Government) 


Q.  The  machinery  shall  be  installed  and  pul  in  operation  by  and  at  the  expense  of  lire  Purchaser. 
Upon  request  of  the  Purchaser,  ,  .  wall  furnish  the  services  of  n  Service  Supervisor 

to  advise  and  assisl  the  Purchaser  in  the  installation  of  the  machinery.  Purchaser  shall  furnish 
safe  and  proper  walking  conditions,  and  safe  storage  for  any  special  *ools.  The  Purchaser 
shall  furnish  all  necessary  help,  labor,  cranes,  ciibhing.  oil,  supplies,  station  operating  force, 

•  slccrm,  clccldcily,  water  and  other  material  and  supplies  requited  to  install  anti  operate  the 
machinery  and  shall  htrnish  free:  available  crane  and  switching  service  anti  the  services  of 
operators  and  oilier  employees  that  may  be  necessary  in  connection  therewith. 

L).  _  _ _ _  shall  not  be  responsible  for  materials  furnished  by  the  Purchaser  or  for  nets  or 

failures  to  act  of  personnel  furnished  by  the  Purchaser,  nor  shall  . . .  be  responsible 

(or  the  construction  of  foundations  or  in  the  cose  of  land  installation,  lor  the  nature  of  the 
soil  upon  which  llrcy  arc  buill. 

C.  -Unless  otherwise  stipulated,  the  Purchaser  shall  pay  for  these  services  at  the  following  rales: 

( l  1  All  services  except  shipboard  trial  trips: 

(i)  At  the  rale  of  $  for  each  normal  eight  hour  day  worker!  or  spent  in 

travel  to  and  from  the  job  site,  plus  all  travel  expenses  of  the  Service  Super¬ 
visor  from  the  time  of  leaving  base  location  until  return  and  all  shipping 
charges  for  any  special  tools  ancl  materials  at  actual  cost. 

(ii)  Houis  worked  in  excess  of  the  normal  eight  hour  day,  Monday  llnough 

Friday  and  hours  worked  on  Saturday,  Sunday  and  Holidays,  will  be  billed 
at  the  rate  of  S _ per  hour. 

(iii)  The  minimum  billing  for  less  than  four  hours  worked  or  spent  in  travel  will 
bo  50  V.  of  the  daily  rale.  Tire  minimum  billing  for  more  than  four  hours  but 
less  than  eight  hours  worked  or  spent  in  travel  will  be  the  full  daily  rate. 

(iv)  The.  lime  widen  the  Supervisor  is  ready,  walling  rind  able  to  work  at  the  job 
’  site  even  though  his  services  arc  not  in  lacl  utilized  shall  be  considered  to 

be  time  v/oikcd  for  the  purposes  of  this  paragraph. 

(2)  Shipboard  trial  tiips  only: 

(i)  At  the  idle  ol  .  for  each  twenty-four  hour  period  or  part  thereof, 

on  shipboard  during  a  normal  work  week. 

(ii)  At  tin-  rale  of  S  for  each  twenty. four  hour  period  or  part  thereof 

on  shipboard  on  Saturday,  Sunday  anil  Holidays. 

(iii)  Travel  time  (torn  the  time  of  leaving  base  location  until  return  will  be  chnrgcd 
at  the  rote  in  12  c  (I)  above;  all  iravel  expenses  will  be -charged  at  actual 
cost  from  time  of  leaving  base  location  until  return. 

(3)  The  rales  specified  in  lire  I  7  c  (1)  and  (7)  above  arc  not  subject  In  change  pro¬ 
vided  tin:  Supervisor  begins  to  perform  these  services  within  90  flays  after  the 
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equipment  is  shipped, 
shall  not  in  any  event  be  held  liable  (or  any  special,  intlirccl  or  consequential 
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PUMPS  PER  SHIP:  . 

SERVICE:  Tank  Wanking  j  \ 

orsniniioii  !  rmocMAtjrF  1  | 

SIZE 

3rJbd3  R-lOiLl 

CAPACITY— .GFM 

450 

TYPE/S  PAGES 

Cc7it,rlfu/’al/Sinr:ln 

ton — ri. 

471 

MOUNTING 

Horizontal 

UOUID  PUMPED 

Goa  Water  i 

CASING  SUIT 

Radial  (Oaok  Full  Cut) 

SP.  OR  /TEMP. /Vise". 

1.03 

SUCTION  SIZE 

3"  150.?  F.F.'Flchso  _  " 

SUCTION  CONDITIONS 

Fioodad 

DISCHARGE  SIZE 

Z".  150^.  F  ,P ,  r  Icnr.o . 

NPSH  RIO  D/AVAK. 

30*/Adviso 

ROTATION 

CCU  (Guotlcn  End) 

irriciENCY — */. 

69 

ELEVATION 

iiW-16056R-6 

r.np 

ruv.p  SPEED —  KPM 

driver  nr  (BCCOMMiunto) 

Ill  | 

SECTION 

- 

3550 

CURVE 

A-12960 

100  I 

I 

i 

[ 

MAir  kiais  |  *r.\pi  r.%5ir»  jj 

CASING 

Woi’thlta.20 

THRUST  BFAPIMC 

CASE  WEAR  RING 

LINE  BEARING 

IMPELLER 

•.teithito  20. 

CASE  WEAR  RINGS 

IMPELLER  WEAR  RING 

IMPtllER  WTAR  RIUGS 

SHAfT  SllfcVES 

SHAFT 

Wqrt.hitfl.5Q_  . 

•  T*H-  _  it  V 

SHAFT  SIEEVE 

iMrriUR 

: . . .  T£-eM  \ 

‘  ’TUFFING  SOX 

FftC’iOd  (FOlio  Acih«*iton) 

PACKING  A  GA5KETS 

HRUST  BEARING 

nrn.  '  .  . . . 

LINE  BEARING 

n^n  _  ...  .. 

j 

SEARING  HOUSING 

f’.'iGf'. -iron  -  -  - 

|_.  __ 

PUMP  BASE 

Chcnrnl  SL«ol 

1 

. 

JELaUc-I _ SnGRon _ 

1 

|  v/fioiir* 

1  r»pivi  p 

PUMP,  BASE.  COUPIIMG 

.  1&W .  . . 

rio4"!iircr 376a/oro7~ii.K';“Ri>7  narino 

DRIVER  IIP  FURNISHED). 

-650,vL  . 

0I)Pf  36t>T  Frazo 

TOTAL 

1145?  __  __  __  _ 

SHIPMENT  OF  THE  ABOVE  DESCRIBED  UNIT  CAN  BE  MADE  IN.  .  43.jaFUOKC _  _ _ AFIER  APPROVAl  OT  DRAWINGS  AND  RELEASE  1 

TO  MANUFACTURE.  j 

drawings  for  approvai  can  be  suBAUirrij  %viiiiin.„.  .  4^6__ _ v/efics  atur  rictipi  or  ordir  wiiii  ingimtering  details.  "  I 

COMMENTS:  / 

*  t 

' 

1 

1 

\  1 

4 


TfcT  C.H  ^TD 


i  n’E  D-1011  K.  D-1012 
FRAME  3 

G  x  4  x  10  3  x  2  x  13 

6x4x11  4  x  3  x  13 

3  x  US  x  13  G  x  <1  x  13 


Fon  use  with  channel  steel,  channel  steel  iv/dhii*  him.  oh  cast  iron  baseplates 


•75 


29  11  73B  27  73M  7 


liens  No. 

Nome  of  Port 

1 

Casiny 

7 

Impeller 

6 

Slicifl  Inn  inlcyrol  port  of  | ijc 

moloi ) 

7 

Rinct,  Casino 

11 

Cover,  Slefliny  Uox 

iin 

Cop,  Cooliny 

n 

Packing 

u 

Sleeve,  Slmfl 

17 

Gland,  Pod  nut 

17A 

Glr* fid,  Mvciinnif.nl  Seal 

Uk 

looi.vvci’-liPf,  Impvtlfr 

?(> 

Screw,  Impeller 

.  ?7 

J*inn,  Atlopliv  nnd  rov*»r 

28 

Gosl.cl,  Impeller  Screw 

tlcm  No.  Nome  of  Poll 


Hint),  lantern 

Gaslret,  Impeller  lockwoslicr 

Key,  Impeller 

GnsU-l.  Sleeve  (Oi.ier) 

Piny  ’O’,  Shaft  Sleeve 
Seoi  (/.'.ecluinicul  Scnl) 

Adapter 
Gasl-el.  CoMny 
Gntkel,  SltiRinri  Hoy  Cover 
i’inii  C)  ,  C  I’oiint)  (.  rip  lOulet) 

I.'ii.ri  ’O’,  (.r>iiliiit|  Clip  (Inner) 
Go'.fcel.  Gland  /.' i.S. 

Kiilor.  .‘Aeclionicol  Seal 
.‘•Iml,  (’•Icinil 

Kiny,  Itclaininy  (Mech.  Seol  llolor) 


0  Tlicsc  pc»rl«  recommended  os  sprue  ports  to  be  coined  by  user, 
x  Spore  ports  in  addition  to  above — (or  export  only. 


6.  TK5T  REPORT 


.Tllfi—iiondoi:  shall  furnish  3  copies  of! 
in  7if;TM«  A- '17  9  .  The  report  shall  sho 
order  number,  specification  number  (M 
and  name  of  vendor.  .  - 


the  report  speed  Tied 
v?  the  date,  purchase 
—1270) ,  heat  number 


R  Ck.^~ e  t~c  o-t'S 


Nickel-Chromium-Hich  Molybdenum  Alloys 

•i 

*  •  IIMilMUlU 

/.  •  ( Stoinler/j  Typa3ir.  -i-  ci--r.u 

*  ?L^aC'^  Type  30-1  -I-  Cr-tl 

Nickel-Chromium  Alloys 
.  Nickel-Copper  Alloy  400 

'  Nickel 

70/30  Copper-Nickel  Alloy  (S  Tc) 

•  • 

'  .  *  Carbon  Steel 

Mickct-Aliimimirii  llron/c 
Nicl.cl-AluminunvM.inipincsc  llrom.c 


G  tlroiuc 


•.  Auslcnilic  Nickel  C:t:.l  Iron 
Msnnencsc  tlmme 
70/30  Copper-Nickel  Alloy  (O.'J  Tc) 


.(G) 


. —I 


Mil 

i 

— 3 

!  i  ;i! 

.  1 

1 

Nil  !  i 

Nil 

<1  ■ 

.  # 

*| 

""  I 

Nil 

<'.i 

1 

Mil 

<  l 

l 

Nil 

<  l 

13 

Mil 

7 

3(H 

30  >  >  >  5- 

• 

0 

|  <  K>  mpy 

f 

1 

1  <10  mpy 

i  • 

30-1-1 

<  10  mpy  1 

40;|; 

3d-i- 

_ 3 

<10  mpy  1 

_lJc/ini  i 

n'S  1 

— 

— 

j  <  lu  mpy  1 

t 

, - 

Pump  Impeller  •/ 

5li:;i  Pioprll'.-t:. 

20 


90 


-t - Pump  .mil  V.ilvc  Hotly 


70  120  1'10 

|-J  oloilj  «-| 


J.'cnn  llnnp.c  ol  Velocities  Ty pic.il  of  Hem — Hi  per  Sec. 

- — - - %  | 

SSEAWATI7P  VELOCITY  (PUMP  TO  HYDiVOPGSL  I.ANGES) 

i  ■  '  ■  . 
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M.  ROSENBLATT  <*  SON,  Inc, 


X  C  .  4~'m  3 

Hardware  Standard  Group  IV  . 

Def in  ? t ion:  This  standard  is  a  document  which  contains  the  technical 
information  in  standard  format  which  is  necessary  to  define  and  describe 
hardware  which  .is  interchangeable  from  all  vendors  as  to  interface. 
Interchangeable,  as  applicable  to  this  standard,  means  like  equipment 
of  a  given  capacity  will  have  identical  —  within  limits  — '  performance 
characteristics,  interface  dimensions,  size  limitations,  weight,  mounting 
dimensions,  and  compatibility  of  materials. 

Standard  Format: 

An  example  of  a  format  which  would  serve  as  a  pump  standard  . 
follows:  It  is  obvious  that  several  formats  are  required  for  the  various 

types  of  equipment  utilized  in  propulsion  plants.  For  example,  the  format 
for  a  heat  exchanger  would  of  necessity  be  quite  different  in  the  required 
technica.l  .data  area  than  a  pump.  * 

EXAMPLE:  First  Page 

Title:  Describes  pump  by  Type  and  service 

Standard  Identification:  Alpha-numerical  identification  with  encoded 
indicators 

Applicable  Documents:  Other  standards,  specifications,  and  regulatory 
agency  requirements  which  apply  either  partially  or  wholly  or  which  this 
standard  is  in  compliance  with 

Approvals:  Regulato'ry  agency  applicable  approvals  of  the  standard 


“  M.  ROSENBLATT  ci;  SON,  Inc _ 

Next  Page(s) 

Description  of  Application;  Design  requirements  which  include  liquids 
handled  and  their  descriptive  conditions.  Pump  ratings  are  included 
in  chart  form  with  identification  number,  capacity,  pressure,  required 
.services,  prime  mover  type  and  size. 

Next  Page(s) 

Pump  Characteristic  Curves:  Curves  indicating  pump  capacity,  discharge' 
head,  horsepower,  suction  head  and  speed. 

Pump  Selection  Chart;  Gives  capacity,  head,  horsepower  and  applicable 
standard  number. 


Next  Page(s) 

Outl ine  Drawings;  These  include  dimensional  charts  showing  key  installation 
and  overall  dimensions,  limiting  envelope,  weights  and  space  required  for 
service  of  units.  *’ 


Next  Page(s) 

Operating  Data;  Includes  important  design  factors  such  as  limits  applicable 
to  bearings,  seals,  casing,  shafting,  etc. 

Ha  ter ia 1 s :  includes  a  listing  of  allowable  materials  For  the  major  components 
for  compatibility  with  the  intended  utilization. 

Maintenance  Requirements:  includes  design  information  required  for  planning 
ships  installation  and  system  design. 

j 


i 
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List  of  Suppliers:  A  current  1'ust  of  those  manufacturers  known  to  be 

satisfactory’  suppliers  of  the  standard  pump 

♦ 

Spare  Parts  Recommendations: 

Test:  Required  tests  at  vendor 


PUMPS.  CENTRIFUGAL,  CLOSE-COUPLED, 


STANDARD 


|  rl  c«  ( ■  C.  litr.-C  I'  ~  ~A 


1.  SCOPE 

1.1  This  specification  covers  electric  motor  driven  standard  close-roupled,  sinrle  stare  cen- 
Irifupnl  pumps.  Jt  is  Urn  munition  ol  this  s'ts«aa>rfl  u,al  pumps  of  a  .p.ivn,  rajacity  in  callous  p.’r  minute 
(p.p.ni.)  and  total  dynamic  head  in  feel  and  lype  of  electrical  voli;*ce,  frym  all  sources  of  supply  be -inter- 
chanpcahlc  as  to  niounlmi:  dimensions,  size  and  location  ol  pipwpfeoVncctionsrUnli  nMBnwoHr-iHmltTrteei-e. 
and  llinpoc  an  outlined  tn  ttns  specif  icaiiotw-  4^^  0«.*t  l»«*  t,  q,  •,  , » 


2.  APPLICABLE  DOCUMENTS 

2. 1  The  lollruvine  documents  of  the  issue  in  effect  on  date  of  invitation  for  bids  or  request' tor  proposal, 
form  a  part  of  the  It  to  tlie  extent  specified  herein. 

__  Set-Cur^  t/vfPo-cl  tx- A.  a  t-Jis. 

be  o-r  i  h  5  "A  "^  **■  »*  a.  \r  ck  ^ 


2.2  Ollier  pntdinUioiis.  -  Tin*  followinp  documents  form  a  part  of  11ns  specification  to  thr  extent  speci¬ 
fied  herein.  Unless  otherwise  indicated,  the  issue  in  effect  on  date  of  invitation  for  bids  or  request  for 
‘  pro|josal  shall  apply. 

i  ’• 

HYDRAULIC  INSTITU  TE 

Test  Code  of  Standards  -  Centrifugal  Pump  Section 

(Application  lor  copies  should  be  addressed  to  the  Hydraulic  Institute,  122  East  *12nd  Street,  New  York 
17,  N.Y.) 

NATIONAL  BUREAU  OF ‘STANDARDS 
i  Handbook  H28  -  Screw-Thread  Standards  foe- i'crii.  i  nl  Jut  I'll'l'S*? 

(Application  for  copies  should  be  addressed  to  the  Superintendent  of  Documents,  Government  l’rinlnq; 
Office,  Waslunplon  25.  D.C.) 

OFFICIAL  CLASSIFICATION  COMMITTEE 
Uniterm  Freight  Classification  Rules. 

(Application  for  copies  should  be  addressed  to  the  OUicial  Classification  Committee,  1  Park  Avenue  at 
33rd  Street,  New  York  IG,  N.Y.) 

•  3.  REQUIREMENTS 


■3.1  Materials .  -  For  (lie  materials  of  construction  of  major  parts  of  pumps  covered  by  this  sporitira- 


3.2  Dcxip.it.- 

3.2.1  General  dcsipi.- 

'  3  2.1.1  Tlie  principle  of  reliability  is  paramount  amt  no  compromise  of  tins  principle  shall  «>*•  tnaun 

• «'  with  any  other  basic  requirements  of  desip.ii.  Pumps  shall  be  desquied  to  operate  over  a  lour,  period  of 


years  with  a  minimum  of  servicing.  When'  wear  or  erosion  is  unavoidable.  the  purls  siiliieeled  tt>  such 

wear  nr  oriisinn  shall  lio  nl  (lie  best  materials  available  fir  the  purjr .  intended  m  order  t*>  re.lm-o  these 

iletrimoiilat  effects  In  a  nnitumum  .  The  design  and  const ruction  ol  all  |hiiu|is  shall  he  cmiststcnl  with  the 
following  requirements: 

(a)  lleliahtlily. 

(h)  Accessibility  lnr  tepair. 

(c)  llesistance  to  wear  or  corrosion.  » 

(d)  Kcnnnniy- 

(c)  Salisiactorv  operation  when  inclined  as  billows: 

(1)  Up  In  15  degrees  from  the  .normal  horizontal  pus  it  tun  in  any  directum  (permanently  in¬ 

clined). 

(2)  With  Hie  ship  rollim:  op  to’*l5  decrees  from  the  vert  teal  to  either  side. 

(3)  With  the  ship  pilrlting  10  decrees  up  and  down  from  Hie  normal  horizontal  plane. 

3.2. 1.2  The  design  of  the  pump  units  shall  tie  such  as  to  permit  liandl tup.,  shipment  and  installation  of 
the  units  onboard  ship  without  disiurbinc  alignment:  and  such  that  the  normal  distortion,  weaving  or  vibra¬ 
tion  of  llic  supporting  structures  onboard  ships  cannot  cause  fracture  or  appreciable  distortion. 

3.2.1  3  Pumps  for  a  speritir  application  shall  be  selected  and  specified  from  r.iting  chart  fig'ire  1 
for  alternating  current  (a.c.)  motors,  or  from  rating  chart  figure  2  for  dire*-!  current  (d.e  )  motors. 
Didders  shall  quote  on  Hie  standardized  pimp  size  and  with  the  horsepower  (h|i.)  and  speed  motor  as  in¬ 
dicated  on  rating  chart  Cor  the  application. 

3.2.1. *!  All  pumps  for  all  services  shall  have  constantly  rising  he.ul-cnpar it y  curves  from  maximum 
or  wide-open  capacity  to  zero  or  shul-olf  capacity. 

3.2. 1.5  All  pumps  shall  be  designed  for  satisfactory  operation  at  a  minimum  dynamic  suction  lift  of 
15  feel  of  water  at  8ST. 

3.2. 1.6  All  pump  units  shall  have  uonovcrloading  hp.  characteristics. 

1  3.2. 1.7  All  pumjis  shall  lie  right  hand  rotation  (clockwise  when  viewed  (nun  motor  end  of  unit)  only. 

3. 2. 1.8  Casing  wearing  rings  shall  lie  fitted  in  all  pumps. 

3.2. 1. ‘J  Pump  casing  joints  shall  be  made  up  using  compressed  asbestos  sheet  gaskets. 


3 . 2 . 1 . 1 D  Mounting.- 

3. 2.1.  lb.  I  Installation.-  Alt  pumps  will  he  normally  installed  to  operate  m  horizontal  jusitimi:  how¬ 
ever.  all  pumps  shall"  hr  capable  uf  opcraiinn  in  a  vertical  position  with  the  motor  alxivu  the  pump.  Pumps 
shall  be  suitable  for  installation  either  lure  and  aft  or  athwartship. 


3.2.1  .\0.1  Dimension.*;.-  All  pumps  .shall  have  mount  uig  dimensions  and  location  ol  piping  connections 
as  shown  on  fipirc  3. 

3.2. 1. 1  0. 3  Mounting  brackets.-  Mounting  brackets  shall  routnin  a  drip  |«e‘ket  lor  the  collection  of 
leakage  from  thc'siulliug  liox.  "Size  of  Hie  tapped  holes  shall  be  as  shown  on  figure  3.  Mounting  brackets 
shall  be  separate  from  the  casings  and  shall  nut  include  pump  stuffing  box  as  any  portion  ol  the  casing  in 
contact  with  water. 


3.2. 1.1$. *1  Pumps  amt  motors  shall  be  assembled  at  the  pump  mauutacturers  plant. 
3.2.2  Casings . - 


3.2.2.  1  Tie*  design  III  rasiugs  .*.!i.ill  hr  sullirnnlly  rugged  to  v.-illi:,l.iu:l  Wilhu*.lt 
able  distortion  the  strains  to  which  they  may  be  subjected. 


fracture  nr  apprcci- 


3. 2. 2. 2  Casings  shall  bo  s<*  ties 
Suction  covers  shall  be  removable  to 
without  dismounting  the  unit. 


if.ncd  as  to  permit  Ha*  inspection  and  lepi.ici  m*  :il  ol  •.•■•••.u  mg  purls, 
permit  rcmov.it  of  ttic  impeller  and  other  v.'cui  mg  parts  ot  the  pump 


3. 2. 2. 3  All  pumps  Shalt  have  casings  arranged  so  that  the  discharge  can  i«>  lorateil  m  auv  ol  Hu*  Hire 
positions  shown  on  figure  3. 


3.2.2.*1  All  casings  stialt  tie  provided  with  the  necessary  tapped  vent,  drain,  priming,  and  gauge  Con'- 
nrrl  ions  (nr  Hu*  tluvi*  ptisifioit's  of  <liM*h;tri!«* . 


3. 2. 2. 5  All  cashes  shall  he  provided  with  vent  cocks  in  the  proper  inraiitw  for  ll.i>  position  o(  dis¬ 
charge  •  ' 

■3. 2. 1.6  Casiiqis  shall  hi;  desiunriUo  withstand  the  applicable  hydrostatic  pressure*  specified  m 
fipirc  3  (see  4-4). 

3.2.  2-7  hoclion  .ind  ilisrliai-^r  c'*tiiirrlnMis.  -  .Suction  and  ilisrli.ii-|:c  connerf  jons  ..hail  in-  tl.uii-.nl. 
Diameter,  thickness  ami  dritlini;  shall  he  in  accordance  with  iv.lt  holes  ..hail  si  raddle  the 

vertical  centerline  at  the  lop  of  die  Jlnnpe.  ■  '  *..i M, 


3.2.3  Impellers  and  shads.. 


3.2.3. 1  Impellers  shall  he  of  the  sni|«le  inlet  closed  type.  Oulisde  and  inside  surfaces  oi  impellers 
shall  he  smooth  nutshell.  All  impellers  shall  be  dynamically  balanced-  '  " 

K* 

3. 2.3.^.  Shall  fiiiip-rs  shall  hi;  provided  adjacent  to  sltiflinr.  f..r  ail  pniups.  Ior  p.mips  with  pack- 

int;.  the  flin|;ers  sliall  he  in  accordance  with  figure  -5.  For  inimps  lilted  with  mechanical  seals  suitable  dinners 
shall  he  provided.  ** 


3.2.*1  Sludini:  boxes  ami  packini’..- 


3.2.-1. 1  Sludini:  l**scs  shall  he  of  adequate  depth  and  destun  h»  re'lnre  leakage  10  a  iniiiiiiiiiin  under  all 
operalini;  conditions .  A  i.’Tf  iiniiiin  <>I  |»«^.»1^saa.tniu.na.luL^i;atth.shilUi>u-Uwi  ■  SI11U  im;  boxes  shall 

he  equally  adaptable  (or  packing  and  mechanical  seals. 

3 . 2 . *t rS_  The  desipn  shall  ho  such  as  to  insure  that  Icakar.e  (roiii  die  elands  cannot  reach  the  heariups  or 
he  thrown  over  the  ririviiip  units.  Ample  drip  ixichets  and  dram:,  shaii  he  proviikd.  Sudiricul  space. shall  he 
provided  to  permit  easy  removal  of  packing. 


3. 2.-I.3  Mechanical  shaft  seals  shall  lie  provided  m  lieu  of  i-omei.: e.iul  parkin];  when  specilied  (see  G.  1). 


3.2.5  itolatini;  asscnttily.- 

3.2.5. 1  All  rotors  .shall  he  dynamically  Inlaocrd  with  all  rotatuu:  parts  v..nuected  Hum  do.  This 
requires  dynamic  kilanrr  ’.villi  the  rotatim;  elements  of  die  drivmr.  unit  in  place:  lto’,vrv.*rf  rolatmi:  parts 
may  he  balanced  individually  provided  that  when  assembled  the  untinlanee  shall  nut  exceed  the  limits  speci¬ 
fied  in  .  STD- 107. 

3.2. G  Threaded  parts. - 

3.2. G.  1  Threaded  parts  such  as  tvdts.  studs  amt  unis  skill  c.inlnrin  to  Il.iiullv.it;  117.11.  *H  ■  1  .  rrj 

I  111— 1-1  I'lnm  1  ll.l  I  fU  II  '.X' I IfTTTtTT* 

wuv)(-tlu-u|_i|i  hilti  «r  i  in  1'  ii  uupi  ni'1  ii'iiide  — 

3.2. G.2  Studs  and  kilts  shall  fully  rnunjtc  the  nuts  with  not  more  tli.m  three  threads  e.vtendini:  l*eyond  the 
outer  face  of  the.  nut.  Where  die  material  into  winch  the  stud  is  ••np..ir.rii  is  a;,  hard  or  harder  than  the  stud, 
the  encapemcnt  shall  he  equal  l"  at  least  the  stud  diameter,  hi  other  materials,  rucapenicnt  shall  he  suffi¬ 
cient  to  carry  the  iiiaxtiiiumdrsiimed  stud  load. 

3.2.7  Motors.  - 

3.2.7.  1  The  standardized  frame  numliers  for  die  various  i.iIiiiiv.  of  clo:.e-i  utipled  I’uuqi  motors  shall  tie 
as  specified  in  tables  111  and  IV.  Frame  Hnnpc  and  shaft  extension  dimensions  shall  tic  as  shown  on  futures 
6  and  7  as  applicable. 


3. 


Table  111  -  A .  C .  mulurs 


50  C.  ambient .  class  |l  instil.'ileut  (or  class  II  insuiat  in». 
class  11  temperature  limits  where  uilvaiilaccinis  (s**»:  n.Z.'J). 


Table  IV  -  U.C.  motors 


3-2.0  Alterii.il  inj»  eti i~ i  »-ut  mntois.. 


rrr,“ . .  . . . . 1  . . . . 

SUlcaln  'Sir«?  “  °“enW“  H,ocmi!“  —  **•“  •—»  '■> «. 


i  5.B.E  r-r D 

1 1 .  it1  t.ir  (me' tonal  lip.,  nr 


Service . 

Amliicni  Iciiipcratun* . 

Duly . 

Classif  icai  Km . 

Muli- classification . 

I  lea  rmes . 

Insulation . 

Number  of  phases . 

Frriiurnny  . 

Vollape . . . 

Enclosure . 


A. 

r.u'c. 

Cnnl  imiiHis. 

;-*(ll 1 1* fill  race  enliirllnn. 

I)— -il'.n  1)  Inr  ml »-j: i  ,tl  li*ir*.epie*  i.f  uii,i,,i 
Il.lll  (see  fip-.ues  0  anil  7). 

Class  11  nr  II  with -class  H  tumis. 

Three. 

00  cycles. 

•I  10  vnlls. 

Tnlally  encloM-il,  or  lnlally  .„elnse>l  f.m  eimlrti. 


3.23ft  Direct  current  motor:;.  • 

I  tLr  (7  OTt) 

3.23JC  1  Direct  current  motors  shall  lie  in  arenrilaiire  with  M-TW*  fur  iiiliT.ral  lip. .  — e1 

.1.7'i'in  frr  fractional  Up.,  except  ns  otherwise  speed  ted  Iu.ti.mii,  and  shall  rimfontt  in  the  following  classilica- 
timi  requirements: 


Service . 

Ambient  temperature . 

Duty . 

Voltage  . . .  .  . 

Winding . 

flea  rings . * 

ln.sul.il  mn . 

Enclosure . 


A.  - 
;i<!'C.» 

Continuous. 

US  nr  23U  volts  as  specified  (see  li.  1). 

Shunt . 

Mali  (see  figures  G  and  7). 

Class  II. 

Totally  enclosed  or  totally  enclosed  fan  eimlrd. 


3.2-5K"  2  Speed  lolcraiirr .  -  I  lie  full  lnatl  speed  of  ri.r.  constant  speed  motors  at  opera1 1111:  temperature 
shall  lie  not  less  than  UK  percent  nor  more  than  W3  perreut  of  the  specified  spe.nl  |.ir  iniee.ral  hp.  motors, 
and  not  less  llwm  37  percent  imr  more  Ilian  lUtt  percent  of  the  specified  speed  tor  fractional  hp.  motors. 


3.3  Paint in~ . -  Atl  external  mimaehined  surfaces  of  ferrous  metal  parts,  except  stainless  steel,  shall 
be  thoroughly  cleaned  and  coaled  with  paint  —  '  — 


3.-6\  identification  plates. - 

3.4(.  1  Identification  plates  shall  be  fnrntslied  on  each  pump 

l’ump  identiiieatinn  plains  shall  contain  data  as  follows: 

(a)  Manilla  etui  or’s  name. 

(b)  Manufacturer's  model  or  type  and  sixo. 

(el  Service  application. 

(tlj  Mamifarlurer's  serial  muulier. 

(c)  Salient  desicii  charartcrislics: 

(1)  ('apnrily  io  g.  p.  in. 

(7)  Total  head  in  isiuntls  per  square  inch. 

(3)-  Speed  ol  sliall  in  revolutions  per  minute. 

(•1)  Drake  horsepower. 

(!•)  Test  pressure. 

(G)  Special  data  vital  to  the  unit: 
a.  Suction  pressure. 

li.  Sul'iiUTiteneo. 
c.  Impeller  diameter. 

(ll  t’entiaci  or  order  number  (and  item  number  lor  multiple  unit  orders). 
fas  issa  t-'""'"  i—uiin  r. 

Ot  Set  lion  lor  iie:|n!i'lor's  stamp. 

(i\)  *ssr  sl.intlard  pump  number. 

3.I1.-I  l'arli  driving  unit  and  each  accessory  unit  shall  liare  an  ldeuiifieation  plate  nii..ii  n-i  ■  Loon  with 
UlS3QHilimil»^ei’fpilCglowl  ■>««»» I  I !  1.1  Stxow. 

3.3  Wnrlmi.insliip.  -  The  etpiipiiienl,  ineludinc  all  juris  anil  accessories  shall  lie  manufactured  and 
finished  with  lirst  class  workmanship  in  all  rcspecis. 

•1.  QUALITY  ASSURANCE  1’llU  VISIONS 


■1.  1  lles|miisihilil y  lor  iiisjktIhui.  •  Unless  olheiwise  -.pei  iio-d  u-.  do*  •  01, trail  *<i  p.u  chase  older,  the 
supplier  is  respensilde  Iit  llie  piTl«»rui.iiiee  id  all  inspection  reipiu  eiie-nls  .e.  '.pci  died  he:  rtn.  K\r*  pi  as 
otherwise  ••perilled,  the  supplier  mav  ultli/o  his  own  tacililn-s  m-  an*,  cimiiiio-i  1  1.1I  labm  .ilui  \  .u  eepsanle. 


•1.2  Ouallt*,  imitrid 
5a=Btean  1.  ii  . . . 


•leui  •  ‘III*'  is  ml  rad  or  shall  provide  .mit>maiiilai!i  a  ■pi.itil'.  eouliid  :.v*.lem  ■ 
lor  tlie  supplies  I'nvcreil  hv  tins  li...  ...i..n.  ,.|  — ‘-eitiul 

iiOli  nil  —widow— 'MM  n  ihwiwhl... .  c  . 


•1. 2.  I  !>"',;VMd,on  "•  pt ••cedm  es.  -  l'riieetlures  shall  be  assciuiilcd  in 
Organization  ami  responsibility  Uir’the  control  nl  quahlv- 


manual  |i>rin  aiul  snail  nuhratc 


r 


"1.2.2  Inspection  during  manufacture.  -  The  emit railor  slwll  establish  ami  in.Mnl.nn  ur-perium  at 
n|>prii|Jri.ili'iy’*l*ii::U""ii  points' ini  ho  iitanulTrl  uring  process.  Iirr.inninr.  with  Hit-  i  rrripl  *>(  i.iw  materials  and 
Siilirrmlrarlrd  parts  llirnnith  testing  ami  preparation  lor  shipment  «»1  completed  uinis,  in  assure  con¬ 

tinuous  coni  ml  ol  quality  <>1  jvirls,  emnixmenls  ami  assemblies. 

■1,  2.3  iM(M!.iirui|*.  ami  !i".".lni:t  equipment.  -  The  rnnlrachir  shall  pi  ovule  ami  itiaini.im  iriv.es.  mslru- 
nieuls  anti  oTher'liieiiM'it’ltig  anil  I «*i-i hm: v ■ necessary  Iti  assure  lli.il  supplies  ciuihu  tit  lo  eoalrael  re- 
quiroinwits.  These  devices  shall  he  calibrated  af.titisl  measurement  st-indai  ds  nr  bi!.ici..n-d  measuring 
equipment  al  eslahlishiil  peruHls  In  assure  ennl'tmsetl  aceuraev.  The  eenli  actor  shall  prejsite  and  in.iiuiatn 
a  written  schedule  lor  lliti  maintenance  and  calibration  ul  such  equipment  lused  on  liter  type,  purisi.se  and 
degree  °f  usage, 

<1.2.3. 1  All  instruments  used  in  perlurmance  lesls  shall  lie  ralihraied  Imbue  and  alter  tests. 

•1-3  Inspection  of  material.  - 

•1.3.  I  Materials  used  in  •  lit*  pumps  and  accessories  ami  nleiililted  on  approved  drawings  1  i 1  11  ‘ 11  ’• 
ii'iTl" MtI.'iiii  "  ii.rtTwwiiii  listed  in  table  1  or  elsewhere  in  this  si'eriltr.itiim,  shall  he  subjected  io  inspcc- 

lion  rcquircnienls  of  Um  trpfrtrntWe  rtpeeilieiuirrirtay  whiuliiadeutHivib  # 

•1.3.2  Materials  used  in  the  pumps  and  accessories  which  are  eientilicd  mi  approved  tit av. mgs  hv 
huluslry  and  Terhincal  Muriel  v  speeiliralmns  or  standards  shall  .he  siil>|ri»rd  to  mspeclion  n  jpureiui.-nls  of 
l III*  aiiplicahlc  speed  tirul  inn  m  standard  by  which  ideui  ifieil. 

•1.3.3  The  rciinraelor  slull  eslahlish  a  system  ol  insi>eclhni  and  ulenliliialiun  to  insure  lh.ll  specified 
and  approved  materials  are  used  in  accordance  with  approved  drawings. 

4.3.3.  1  l!|.mi  request  ol  (he  ftecwi.ii.uiil  inspector,  Ute  ronlracior  shall  lurnish  samples  ol  materials 
ami  available  inlormatum  concerning  Ihcir  quality  and  use.  When  lie*  ideidilv  *>r  quality  ol  an  item  is  in 
douhl,  and  in  the  absence  ol  valid  and  acceptable  test  d.ua,  the  coul racier  shall  conduct  such  tests  ns  arc 
necessary  lo  determine  or  verily  its  identity  or  quality.  - 

4.4  Hydrostatic  lesls. - 

4.4.  1  All  pump  e.isinv-  slull  he  levied  hvdrost.ilir.illv  to  press'll  ••.«  indicated  m  ttgure  3.  Hydrostatic 
test  pressures  shall  he  maintained  tor  at  least  lfi  minutes,  or  longer  as  necessary  lor  inspection  ul  the 
cnltrc  rasing. 

4. S’  Opei  aline,  lest  ul  e.irli  pump.  -  Kach  pump  assembled  with  its  driving  tiedor  sliall  he  tested  at  its 
rated  operating.r.peeii  and  rated  load  hy  a  continuous  nonstop  run  of  at  least  3(1  minutes,  lo  check  ojieralion 
and  smoothness  ot  running. 


4.6  Hr 


rloi  malice  tests.  - 


*5. 6>  1  I’ei  ho  iii.uk'>'  tests  '-11.111  lie  etmduelrd  and  repot  led  in  aecoi  dance  uilli  the  Test  Code  .if  .Si.md.ir its 
of  Hie  Hvdratilie  tnslilute,  Ceulrilugal  Hump  Section,  lor  tests  classed  as  "Vaelory  tests  at  the  pump  manu- 
tacturer’s  plant'’, 

•t.fr.  2  Driving  units  shall  tie  tested  as  required  hy  the  applicable  motor  speed  iv-au«wi  (see  G.  1). 

HiTlormaiife  test-,  shall  adequately  demonstrate  the  alnlitv  of  the  pump  (••  handle  its  rated  rajuc- 
ilv  <il  sprritied  Inpiid  at  Hie  maximum  (cnt|>cralurc  and  niuiinium  sue l mu  head,  or  maximum  suction  hit  or 
vacum,  as  applicable. 

5i'n'<'"  "1  ,l’"a  l"’  <akeu  during  the  tests  to  prepare  pump  rliatarterislir  curves  as  qpeci- 

lie<l  in  *1  -  b - In  .ill  cases  the  test  data  shall  hi;  corrected  to  Hie  speeilieil  op-ruling  r»miilmns  as  lo  volt- 
nge,  frequi’iicy,  leuipcraHirrs.  r-peedic  gravity,  suet, on  head  nr  till,  and  larmn,  .is  set  lorth  in  the  ron- 
li.iet  or  r*rtler;  surli  riindiliote:  shall  lie  rle.irlv  .•.lioivn  <>n  the  data  sheet;..  The  <Liia  sheets  ;«|utli  state  the 
artual  finished  ih.m.eier  „(  the  pump  iiiq-ll-rs  insulted  «.n  tes-i.  Test  oal.i  and  inives  shall  lie  complete 
over  the  entire  range  ol  capacities  (ruin  shul-utt  to  as  near  tree  delivery  as  tmssiiile. 

•1.6JT-I  he  following  test  curves  shall  lie  supplied  for  the  rated  speed  conditions  el  the  motor: 

(a)  C.i|ia eily  versus  lol.it  tn-ad. 

(h)  Cat  parity  versus  pump  elfirienry.  ' 

(Cl  Capacity  versus  hial.e  lip. 

(d)  Cain  city  versus  elerlrnsil  lip.  input. 

^  Complete  Inst  reports,  including  tost  data  on  both  pinups  amt  driving  noils,  shall  he  .isscinliird.”‘=~" 


IT1 . . .  . . . . --•-. . 

“■  01  . . *  -  - . .  - -X.™  . 

5.  I’JUJI’AIIATION  FOR  1JKUVEHV  *  J 

s.  i  aeawte  - , - -....■ .  . •  . .  iu|i[  _ 

5.1.1  lUsic  equipment  nr  tlt-m.  - 

b-K  r H-  •« 

«<*»'*:  Ml.v,«y  ami  until  e.n  «v  ,JiS  J  T  H?"*  ^  »« 

such  meets  these  requirements.  *  '  °"l,nn‘  1,>U"‘  ::ui'l'l,er:;  rommrrci.il  jM.u  tire  tWn.-n 

cjtrrfnr  n I  *i?»n 1  Imi^L vlllP rai »■* ^(TcV cT* *i*i” ^  V"  *«*«:•  *’>'  common 

sh.pi.u-ni  from  II. |v  :»wrrt.  Ir,  J  1  1  .  V-  ‘  d.tm.„;r  durmn  d,rerl 

rcculal  inns  ns  appltenldr  to  ||„.  „„„ie  ur  .  ‘  CUss.it u  alt««i  Mules  ami  Itre.-ilatinn:;  oihcr  carrier 

w|'°”  such  moots  II, esc  requirements.  '  ""  a"U  may  c"nl"r"'  “>  »•«  supphor’s  commercial  practice 

shippiiq:  contalMorjriii*aci*orIiU,1rc^uq\hruio^co»t^a,f,t,n|!*,«  *•'»  '"''nor  packages  and  exterior 

nnmenelaluri!.  f=U^ntm I.  m„„iJL|.„,  manufacturers^  Z Th"  intormnli"n  *HalI  include 
lor  s  name  ami  dost innl  ion.  ‘  '  nundn  r,  contract  or  order  number,  eontrac- 


G.  i.0'1  KS 


G.  I  Order. ur  Hal.,.  -  I’r'.ruremenl  documents  should  speedy  f.,u„W(ltt:: 

(.0  Title,  numl-r  n  U  oat"  ..Mins  .specdicalmu. 

1  .  -i.i,-  'u.ti.—i  f;*ijr  (mure  1). 

‘"J  Rated  i  .i|i.tc.!*y. 

(d)  Mated  tut.,)  h'-atl. 

(•*)  Liquid  hnndlrd. 

(f)  Specific  Riavitv  nf  liquid  hamlled. 

(*l)  Liquid  temperature. 

O.t  Suet  inn  head. 

(:)  Whither  median, rat  seals  are  required  fse«.Ta„|^H 
I  f'1.11'.1*  for  ilire'-1  -emr-ni  iu.»i.,rs  if^u-a-g-ttr-u 

,J  . . - . . . . . . 

/'J  +  drawiiq-.c  required  fr-T-SrS-ii-), 

t’i  required,  ami  quant  ,lv 

'tSXZSSRZg* ""  '■*■*  ,»■•* « .0  ,H. 

lljr  . . ■‘L,n.,,nr  pa , 

C^S:,rV:,",m'  'UCk:"l"":  •'"'l  ,,Ul  k""'  requirements-  . 

G.2  table  1  o, :i  ,,u.e  ,nn(; .  .,rrrr.a.,.e  materials  f..,-  u,  . .  , , 


Application 


Tabic  I  -  Material:;  for  pumps. 
Material  ■>i»-H<hV'UMuu 


.]  Casillas  linn  metal 

Valve  bronze 

Copper-im-kcl  alloy  (70-30) 
Nirkcl-roppcr  alloy  .  . 
Steel,  hiphlv  alloyed- 

Studs,  bolls  nuts  Nickel-cnpprr  alloy,  rolled, 
class  A  nr  13 
Naval  brass  * 


Impellers 


Mnnpniiesr  bronr.c.  class  A  or  U 

linn  metal  ^ 

Nirkel-ceppev  alloy- 
Coppcr-mrkrl  alloy  (70-30) 
Steel,  hiphlv  alloyed 


Impeller  ami  Nickel-copper  alloy 
ens tun  wearing  Hun  metal 


2/ 

rmps- 


Shnfls 


Shaft  sleeves 


•i 

IfIiiic 


Fliupor  (.Jun  metal 

Valve  Inim/.r 

Lantern  rings,  thin  metal 

p  lands  and  Valve  lirou?.e. 

throat  bushinps 

Mount  mu  brackets  l.un  metal 

Valve  lirnnv.e 


Ilearmi:  bronze,  evade  11  or  111 
Valve  bronze 
Steel,  hiphlv  alloyed 
Iron,  class  A  (duetile  Ni-resist) 

Nickel-eopper  alloy,  rolled, 
class  A  or  11 

Nie.krl -copper -aluminum  alloy 

N  ieke-1  -  r  npper-a  In imnunt  a  I  loy . 

mmiimnu  hardness  2G5  Urittull 
Sleel,  hiphlv  alloyed 

(.Inn  metal 
Valve  bronze 

thin  metal 
Valve  bronze. 


Impeller  nuts 

Stull  tup  box 
packing 


j Copper -nickel  alloy  (70-3U) 

I  lion  metal 
jNirkel-rnpper  alloy 


Applicable  document"' 

ASTM  PI  13.  Alloy  1A  oi  111 
AST M  Hf-in.  Alloy  2A-BG1-S2 


AC1  CN-7M 

ASTM  HIG-l.  Class  A  or  13  ~ 

ASTM  1U21.  Alloy  3-1121-51, 

,  Al|o\  A 

ASM  M  nCW.  AH.iv  A  or  11  - 
11121-55,  Alloy  -1 

ASTM  13113,  Alloy  1A  or  lij~ 


AC  I  CN-7M 

ASTM  11113,  Alloy  1A  or  113 

ASTM  HI  13.  Alloy  2A  -  1)01-52 
AC1 CN-7M 

ASTM*  HI 64 rciawT, A  or  U 


AC1  CN-7M 

AS  I'M  m  u’  Alloy  lA  or  IB 
ASTM  HH3,  Alloy  HA  •  Id- 1-52 

ASTM  1U-13,  Alloy  1A  oT ill 
AS  I'M  111*13,  Alloy  2A 

AMI' Mill  -13.  Alloy  1 A  or_l  11 
ASTM  HI  43,  Alloy  2A  -  ItGl-52 

AST  M  111  4  3  ,~A  I  |oy~ I  A~.rlU 
ASTM  Htr-l,  class  A  or  II 


t  Plastic  metallic,  lead  lase 


Flexible  metallic 


Casmp  paskels  Asbestos,  sheet ,  compressed  J 


'  For  service  in  winch  total  head  is;  22*1  leel  or  more. 

2 / 

■  ’A  wearinp  rtnp  and  its  oppnsinp  surface  shall  be  of  dissimilar  maieri.il. 

-^"ASTM"  denote-  standard  s per ifieat ions  of  llie  American  Society  (nr  T'.slinp  and  Materials.  (Appliealion 
for  copies  ;.hi.til'l  be  addressed  to  the  American  Society  for  Teslinp  and  Maierial:.,  ItllG  Knee  Street, • 
Philadelphia  3.  Pa.). 

••ACM"  denote*.  Manil.ii  cl  spec it ir.it  ion*.  »i(  the  Atl.-V  i  ’.i-.l  me.  In-liti.le.  (Apple  at  ion  foi  copies  slemld  Is* 
addressed  to  llie  Alins  Cast  mp  Inst  slut  e.  Hid  l  l-  i-anklm  Avenue,  ti.u  den  ITtv.  -.v  y„ik.) 


1'echmi  al  s».e|elv  and  lrchiic".il  a:-soei:it  mn  spei  il  seal  mu*,  and  >.:.in!.i  i  ds  ate  .•••in  i.iltv  a'.ailal*!<*  tor  refer¬ 
ence  from  libraries.  Tiny  air  also  disii  il*iied  anump  teilinie.il  pi  naps  .uni  •e.ini:  Federal  agencies. 

-^Materials  usml  mav  be  m  .ieem  dance  with  either  l«»verniiirnl  speeds  .linin',  nr  ASI'M  spec  d  n*.H  ions or 
eipiivaii'iil  main  iaJ  I*,  any  oilier  recognized  indnstiv  stand.ii  d  spe.  if  x  at  ion.  :uirh  as  llie  Surn-lv  nf  Auto¬ 
motive  Cup  timers  tSAK)  and  the  American  iron  and  Sleel  luslituie  (AIM).  at  the  pump  manufacturer's  option. 
5  ' 

Detail  ill  aw  me-;  and  list-,  of  mat  enat  shall  reference  Hu*  specif  icat  n.ir.  ai-inallv  followed  in  i-.mli.  i.ase,  and 
shall  include  the  class,  type  or  prude  ol  material  used  in  each  rase,  as  applicable  (see  3.  1  uiuL3. 5 . 


M0'  850 .  400  450  500  WO  7W>  OCO  9M  Kx.O  ,250  ,500  ,750  K03  2230  2500  5COJ 


- L 


•  r-‘}^ 

•V) 


RATING  CHART-  ALTERNATING  CURRENT 
'  LEGEND  AN-1750- 5  AEPRF.’JnnS 
NO  GN  PUMP  A7  1750  PPM 

- WITH  3HP  Moron _ 

NOTE  A  DATING  POINT  OCCliniNG 
ON  A  DIVISION  LINE  IS  INCLUDED 
— —  IN  COVERAGE  SELOW  AND/OR  10  -  — 
THE  LEFT  Oc  SUCH  PATINO  POINT 


I  IN-1750 -15 


IGN-1750-23 


IIN-1750-7.50 


I6N-I750-20 


'  lfiN-1750— 15  | 


1  i .... ...”  ~  r  ~ 


.zn 
—CiU'-u^-TIa 
•*»UVI-1, 50-70 


I2N- 1150*5  I 


275  300  350  400  «50  500  GOO  700  000  SOO  1000  1250  I5C0  1750  3X0  2250  25  CO  3COO 


1  MINUTE 


-  Ilating  chart  (or  a.c.  motors. 


1 


STANDARD  FRAME  DIMENSIONS  AND  BEARING  SIZES  FOR 
FRACTIONAL  HORSEPOWER  CLOSE- COUPLED  MOTORS 


DIMENSIONS  IN  INCHES 


frame 

NO. 

A 

MAX 

B 

MAX 

D 

E 

F 

H 

SG 

FROM! 

END  BRS. 
(MIN) 

PUMP 

EMD  BR6. 
(MIN.) 

L 

MAX 

•  -•  •» 
MAX 
WT 

1  ft 

• 

I7NC 

9 

7 

*  fo 

3-i 

JIG 

k 

1 1 

32 

5I 

.303 

305  ~ 

VjU 

75 

IS  MC 

10 

7- 

2 

"t 

■ \ 

i 

C\T 

17 

32 

5- 

» 

303 

305 

iTa" 

7  *T 

90 

i 

— 

mmm 

_ J 

I  iimiic  •».  •  MjmLiiri  til  Irirtimul  lip.  .1  motor  A. 


NOTES: 

I.  RADIUS  SHALL  nr  SMOOTH  AND  CENTER  LOCUS  CONCENTRIC 
V.'ITH  SHAFT  AXIS. 


2.  SEALING  SURFACE  SHALL  BE  SMOOTH  AND  PERPENDICULAR 
TO  SHAFT  AXIS. 

3.  DIAMETER  TO  BE  CONCENT  NIC  Will  SHAFT  AT  IMPELLER 
LOCATION  WITHIN  0.004  INCH  TOTAL  INDICATOR  REAOING 

4.  FACE  Or  FLANGE  TO  PE  SCUAI1E  WITH  SHAFT  WITHIN 
0004  INCH  TOTAL  INDICATOR  HEADING. 

5.  RUNOUT  OF  SHAFT  0.002  INCH  MAXIMUM  TOTAL  INDICATOR 
HEADING. 

TOTAL  AXIAL  END-PLAY  OF  SHAFT  IN  A5SEM3LCD  MOTOR 
AT  NO-LOAD  SHALL  IMT  EXCEED  0.010  INCH 


6. 


G3|tJ)  OjO- 


NOTl  s  • 

centric  wmi"  SHAri’i^s*  A',D  LOa,s  co,i* 

2  OICULAR  %"wC*Vt5,«1,S.BC  SM007H'4'40  PEfiP^* 

3.  piAMF.ri.0  ro  he  concentric  with  shaft  at  'u“ 
S«0."  W,THm  °'00‘’  ,,iCM  T°T*<-  'WCAICR 


4.  r«c  or  rt/.wr.c  t0  nr  square  %mn  shaft  within 

0.004  INCH  TOTAL  INDICATOR  HEADING. 


Till  r-.*A>T  RUNOUT  SMALL  OE  as  rOLiOwS  • 

—  :W:_5'«"C  5"ArT  UL1*jr>:ir  I  Tun 

m?  thhu  ?nr, - _  or.jf 

324  THRU  4  44 - 0  003  INCH  VAX  * 

TOTAI.  a.ial  eno-i-la.  cf  shaft  in  assevrleo 
‘i"o  or  A'  ,;0;,0"n  5-"u-L  f-nr  exceed  oo:o  “ch  for 

30  on  -•.lAtLf-'  DrASiM-JS  and  0  Ot$  INCH  TOR 
REARING  S'  larger  THAN  310  .  ° 


I  -~->VE 

till 

WE  rn 

i?r,  cm 

■84  CN 
■37  CN 
713  CN 
2T.  Cll 

;ir.  cn 
218  CN 
254  CN 

2?r.cn 

.754  CN 
23G  CN 
21)4  CN 
784  CN 
7115  CN 
2 Hr,  CN 
324  rti 
32(-  '  ll 
~3A-i  CM 
■'ASCII 
3  or.  cm 
•105  FNI 
444  CNI 
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